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CHAPTER  I 


INTRODUCTION 

Statement  of  the  Problem 

Environmental  control  is  an  important  part  of  the 
Minuteman  weapon  system.  Critical  temperature  and  humidity 
ranges  should  be  maintained  for  the  operation  of  the  elec¬ 
tronic  equipment  and  the  missile  (7:1).  The  failure  rate 
for  the  Minuteman  III  missile  guidance  set  (NS-20)  seems 
to  be  greater  during  the  spring  and  fall  months.  Hence 
there  is  reason  to  believe  the  environmental  control  system 
for  the  Minuteman  III  weapon  system  is  not  protecting  the 
missile  and  its  electronic  equipment  from  changes  in  the 
external  environment  (15) .  If  there  is  a  relationship 
between  changes  in  external  environmental  conditions  and 
the  failure  rate  of  the  NS-20  guidance  system,  then  action 
could  be  initiated  to  correct  the  problem  and  possibly 
reduce  the  number  of  NS-20  failures. 

Definitions 

Chiller  Unit — a  component  of  the  environmental 
control  system  which  cools  a  brine  solution.  The  brine 
solution  then  cools  a  sodium  dichromate  solution  which  in 
turn  cools  selected  components  within  the  NS-20  guidance 
system  (4:24). 
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Digital  Computer  Unit  (DCU) —converts  sensor  data 
to  stabilization  and  sensing  signals.  Converts  inertial 
measuring  unit  velocity  and  angular  attitude  signals  to 
control  signals  for  staging ,  thrust  termination,  pre¬ 
arming,  re-entry  system  disconnect  and  other  flight  func¬ 
tions.  Monitors  guidance  control  systems  to  provide  proper 
response  to  status  request  messages  and  executes  the  opera¬ 
tional  ground  program  (25:1-4). 

Failure  Rate--the  number  of  NS-20  failures  that 
normally  occur  within  a  specified  period  of  time.  There¬ 
fore,  any  given  failure  rate  may  vary  according  to  a  func¬ 
tion  of  time.  See  Chapter  I,  Failure  Rate  and  Time  Between 
Successive  Failures. 

Flight  Control  Group — the  first,  second  and  third 
stage  motor  control  systems.  Also  includes  the  Propulsion 
System  Rocket  Engine  for  the  Minuteman  III  missile  (6:54). 

Gyro  Stabilized  Platform — provides  information  con¬ 
cerning  missile  attitude  acceleration  and  velocity  to 
ditigal  computer  unit  (25:1-3). 

Missile  Guidance  Control  System — the  complete  guid¬ 
ance  control  system  consisting  of  the  missile  guidance  set 
(NS-20)  and  the  flight  control  group  (25:1-2). 

Missile  Guidance  Set  Control — interpreting  medium 


between  gyro  stabilized  platform  and  digital  computer  unit 
(25:1-2). 
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Missile  Guidance  Set  (NS-20)--consists  of  the 
missile  guidance  set  control,  gyro  stabilized  platform, 
digital  computer  unit,  battery  power  supply,  and  the  con¬ 
trol  and  discrete  amplifier  assembly  (25:1-2). 

Pendulous  Integrating  Gyro  Accelerometer  (PIGA) — 
a  device  located  in  the  gyro  unit  which  detects  changes  in 
acceleration.  This  information  is  then  sent  to  the  on-board 
computer  which  then  calculates  the  missile's  velocity  and 
the  distance  it  has  travelled  (9:5). 

Retest  OK  (RTOK) — a  term  used  by  the  depot  to 
identify  a  missile  guidance  set  (NS-20)  that  gave  failure 
indications  and  shutdown  at  the  missile  site,  but  functioned 
properly  when  analyzed  at  the  depot  (19). 

Time  Between  Successive  Failures  (TBSF) — the  time 
period  between  one  NS-20  failure  and  the  next.  As  the  TBSF 
decreases/increases,  the  failure  rate  increases/decreases. 
See  Chapter  I,  Failure  Rate  and  Time  Between  Successive 
Failures. 


Justification  of  Research 
The  Minuteman  III  guidance  and  control  system  con¬ 
sists  of  a  missile  guidance  set  (NS-20)  and  a  flight  control 
group  (6:49-50).  The  guidance  and  control  system  performs 
both  ground  and  in-flight  functions.  On  the  ground,  the 
system  maintains  operational  readiness  of  the  site  through 
self-testing,  spatial  orientation  to  the  launch  point,  and 
automatic  adjustment  of  navigation  parameters.  The 
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guidance  and  control  system  also  processes  remote  commands 
and  provides  status  reports  on  missile  and  launch  facility 
equipment.  During  the  boost  phase,  the  guidance  system 
performs  inertial  navigation,  flight  control,  staging,  and 
thrust  termination.  The  primary  component  of  the  guidance 
and  control  system  is  the  missile  guidance  set  (NS-20) . 

The  missile  guidance  set  is  a  cylindrical  missile  body 
section  located  forward  of  the  propulsion  system  rocket 
engine  (see  Figure  1(6:54).  Additionally,  the  missile 
guidance  set  houses  the  gyro-stabilized  platform,  missile 
guidance  set  control,  digital  control  unit,  amplifier 
assembly,  and  the  battery  power  supply  as  shown  in  Figure 
2. 

When  the  NS-20  fails,  the  missile  maintenance 
officer  becomes  involved.  His  job  is  to  take  whatever 
action  is  necessary  to  return  the  missile  to  alert  status. 
Approximately  60  to  75  manhours  are  required  to  remove  and 
replace  the  NS-20  (21) .  Only  20  to  25  manhours  are 
required  for  the  actual  removal  and  replacement  of  the 
NS-20.  The  remainder  of  the  time  is  spent  in  preparation 
and  travel  to  and  from  the  missile  site  (21) .  To  support 
this  task,  two  specially  equipped  vehicles  are  required: 
a  maintenance  van  and  a  payload  transporter  (6:63-64). 

The  removal  and  replacement  procedure  is  accom¬ 
plished  by  a  missile  maintenance  team  composed  of  five 
highly  trained  technicians  (21).  This  procedure  requires 


Figure  2.  NS-20  Missile  Guidance  Set 


the  following  sequence:  (1)  remove  the  re-entry  system 
(warhead),  (2)  remove  the  defective  NS-20  guidance  system/ 
(3)  install  the  new  NS-20  guidance  system,  and  (4)  replace 
the  re-entry  system. 

The  maintenance  officer's  task  is  complicated  by 
the  manner  in  which  the  Minuteman  missile  sites  are 
deployed..  The  squadrons  are  dispersed  over  large  areas. 

For  example,  the  average  site  at  Grand  Forks  AFB,  North 
Dakota  is  approximately  75  surface  miles  from  the  support 
base  (see  Figure  3). 

Another  complicating  factor  is  that  all  Minuteman 
units  are  either  involved  in  or  scheduled  for  a  major 
modification  program  (1:3-3).  These  programs  create  many 
problems  for  unit  maintenance  personnel.  One  is  the  effi¬ 
cient  use  of  test  and  support  equipment.  Since  only  a 
limited  number  of  certain  equipment  items  are  available, 
maintenance  organizations  share  these  items  with  contrac¬ 
tors  performing  weapon  system  modifications.  At  times  the 
combined  requirements  of  the  contractor  and  the  maintenance 
organization  exceed  available  supply.  Therefore,  neither 
is  able  to  perform  in  an  efficient  manner.  The  payload 
transporter  is  one  of  the  items  that  is  frequently  in  short 
supply  (3:5). 

If  the  failure  rate  of  the  NS-20  could  be  reduced, 
then  the  workload  of  the  Minuteman  maintenance  organiza¬ 
tion  might  also  be  reduced  as  well  as  its  requirement  for 
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critical  equipment  items.  Reducing  the  NS-20  failure  rate 
has  been  the  goal  of  organizations  within  the  Strategic 
Air  Command  (SAC) ,  Air  Force  Systems  Command  (AFSC) ,  and 
Air  Force  Logistics  Command  (AFLC)  (19).  While  analyzing 
the  failure  data,  several  personnel  (12;  15;  19;  20;  23; 

27)  have  noticed  that  the  NS-20  failure  rate  appears  to 
increase  during  the  spring  and  fall  months. 

Mr.  Keith  Gwylliam  (15) ,  Logistics  Specialist, 

Ogden  Air  Logistics  Center  (ALC) ,  believes  that  there  is 
a  trend  toward  more  guidance  and  control  system  failures 
during  the  fall  and  spring  months  than  at  other  times. 

He  stated  that  the  Ogden  ALC  anticipated  an  increase  of 
failures  during  these  times.  He  also  thought  an  attempt 
had  been  made  to  correlate  Minuteman  II  guidance  and  control 
system  (NS-17)  failures  with  the  weather,  but  he  was  unsure 
of  the  specific  details  or  outcome.  Mr.  Gwylliam  indicated 
the  Ogden  ALC  would  be  interested  in  a  study  attempting  a 
correlation  between  NS-20  failures  and  environmental  con¬ 
ditions. 

Mr.  A.  Neukuckatz  (19) ,  TRW  Representative,  Relia¬ 
bility  and  Quality  Assurance  Division,  Space  and  Missile 
Systems  Organization,  MNDR,  was  aware  of  a  study  that  had 
been  accomplished  on  the  NS-17  guidance  system.  He  did  not 
know  whether  a  copy  was  available  or  not,  but  he  did 
remember  that  the  study  had  failed  to  find  any  correlation 
between  NS-17  failures  and  outside  air  temperature.  He  was 


aware  of  several  other  informal  studies  that  had  also 
failed  to  find  a  correlation  between  NS-17/NS-20  failures 
and  such  things  as  holidays,  seasons,  maintenance  manning 
levels,  Santa  Anna  winds,  etc.  The  studies  were  not  docu¬ 
mented  since  they  consisted  of  scanning  available  data  or 
scratch  pad  computations.  Mr.  Neukuckatz  conducted  a 
search  of  the  TRW  technical  library,  but  failed  to  find 
any  studies  related  to  external  environmental  effects  on 
guidance  and  control  system  failures.  He  stated  that  he 
would  be  glad  to  furnish  any  data  the  authors  might  require. 

Mr.  Robert  Wallan  (27),  Reliability  Engineer,  Ogden 
ALC,  generally  agreed  with  Mr.  Gwylliam.  He  offered  to 
supply  any  data  that  might  be  required  to  support  a  study 
and  recommended  other  sources  of  information. 

Major  Paul  Pirtle  (20),  SAMSO/MNNG ,  could  only 
recall  one  study  in  the  area  of  environmental  factors  versus 
guidance  and  control  system  failures.  It  was  an  informal 
attempt  to  correlate  NS-17  failures  with  the  seasons.  (The 
same  study  referred  to  by  Mr.  Gwylliam.)  He  also  reported 
that  the  attempt  had  produced  inconclusive  results.  Major 
Pirtle  stated  that  there  was  a  study  in  progress  to  deter¬ 
mine  the  effect  on  Minuteman  guidance  systems  of  seismic 
phenomena  caused  by  earth  crustal  movement  due  to  changes 
in  barometric  pressure.  However,  the  objective  of  this 
study  was  to  examine  accuracy  rather  than  failure  impact. 

He  was  also  aware  of  another  informal  study  that  attempted 
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to  correlate  gyroscopic  reliability  with  burn-in  time. 

Again  the  study  had  inconclusive  results.  Major  Pirtle 
indicated  that  the  gyros  are  extremely  sensitive  indicators 
of  temperature  change.  Slight  changes  in  temperature  will 
result  in  measurable  changes  in  gyro  bias.  However,  he 
believes  this  would  have  more  of  an  accuracy  rather  than  a 
reliability  impact.  Major  Pirtle  expressed  doubt  that  a 
correlation  could  be  found  between  outside  air  temperature 
changes  and  guidance  and  control  failures.  He  believes 
the  thermal  mass  of  a  Minuteman  launcher  would  negate  any 
effects  of  outside  temperature  changes. 

Mr.  Carroll  Turbin  (23) ,  Autonetics  Representative, 
Hq.  SAC,  could  only  recall  the  NS-17  study  (referred  to  by 
Mr.  Gwylliam  and  Major  Pirtle)  and  a  study  conducted  to 
determine  intransit  effects.  He  made  several  inquiries  to 
autonetics  personnel  and  to  the  Autonetics  Technical  Library. 
He  was  unable  to  locate  any  formal  studies  that  related  to 
environmental  effects. 

Lieutenant  Colonel  Vern  Dede  (12) ,  SAC  Directorate 
of  Missile  Maintenance,  reported  that  he  had  requested 
CMSgt  John  Murphy,  SAC  Operational  Engineering  Squadron, 

F.  E.  Warren  AFB,  Wyoming,  to  attempt  to  correlate  seasonal 
variations  and  transportation  environmental  effects  with 
NS-17  failures.  He  indicated  that  CMSgt  Murphy  did  not 
discover  any  correlations.  Lt  Col.  Dede  was  also  aware 
of  a  study  in  progress  attempting  to  correlate  fluctuations 
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in  the  earth's  magnetic  field  with  guidance  and  control 
system  failures;  the  theory  being  that  fluctuations  cause 
spikes  and  surges  in  the  commercial  power  serving  Minute- 
man  launch  facilities.  These  spikes  and  surges  may  in 
turn  have  an  effect  on  guidance  and  control  system  per¬ 
formance. 

The  belief  that  some  NS-20  failures  may  be  related 
to  environmental  factors  appears  to  be  based  on  the  fact 
that  the  NS-20  is  very  sensitive  to  temperature.  During 
ground  operations  the  overall  temperature  within  the  NS-20 
is  maintained  between  66  and  69  degrees  Fahrenheit  (8:7). 
Certain  components,  such  as  the  gyro  stabilized  platform 
are  maintained  at  71.2  +  1  degree  Fahrenheit.  Temperatures 
beyond  these  parameters  may  result  in  the  NS-20  shutting 
down  (4:30).  The  external  temperature  of  the  NS-20,  i.e., 
the  launcher  temperature,  is  maintained  between  60  and  80 
degrees  Fahrenheit  (4:17-24). 


Scope 

The  scope  of  this  study  is  limited  to  NS-20  failures 
that  occurred  at  Grand  Forks  AFB  during  calendar  year  1973. 

A  major  modification  program  was  in  progress  at  Grand  Forks 
during  all  of  1974;  therefore  that  time  period  was  not 
included  in  the  study  (1:3-3)  .  F.  E.  Warren  AFB,  Wyoming, 
and  the  564SMS,  Malmstrom  AFB,  Montana,  were  not  selected 
since  they  have  only  recently  received  Minuteman  Ills,  and 
sufficient  data  is  not  available  (1:3-3).  Minot  AFB, 
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North  Dakota ,  was  not  considered  since  the  91st  Strategic 
Missile  Wing  is  in  the  process  of  a  major  modification 
program  that  will  change  the  launcher  structure ,  environ¬ 
mental  control  system,  and  the  ground  electronics  system 
(2:125). 


Summary 

There  are  several  theories  concerning  the  impact 
of  seasonal  variations  on  the  NS- 20  guidance  system.  The 
impact  is  viewed  as  ranging  from  negligible  to  being 
responsible  for  some  NS-20  failures  (12;  15;  19;  20;  23; 

27).  Although  there  is  conflicting  belief  on  the  degree 
of  impact,  the  preponderance  of  opinion  supports  the  con¬ 
cept  that  there  may  be  a  relationship  between  failures  and 
seasonal  changes.  Seasonal  variations  in  NS-20  failures, 
if  they  do  exist,  may  be  caused  by  any  one  or  a  combination 
of  factors,  e.g.,  temperature,  wind  speed,  wind  direction, 
humidity,  barometric  pressure,  maintenance  penetrations  of 
the  launchers  for  annual  or  semi-annual  targeting  changes, 
or  maintenance  manning  levels.  Several  informal,  undocu¬ 
mented  studies  have  failed  to  discover  a  relationship 
between  any  of  the  above  factors  and  NS-20  failures.  If 
the  environmental  control  and  monitoring  system  is  perform¬ 
ing  as  it  should,  then  there  should  be  no  relationship 
between  NS-20  failures  and  environmental  conditions.  How¬ 
ever,  the  belief  that  a  relationship  exists  between  external 
environmental  factors  and  NS-20  failures  still  persists. 
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Therefore,  the  concept  of  external  environmental  conditions 
versus  NS-20  failures  appears  to  be  an  important  candidate 
for  study. 


Failure  Rate  and  Time  Between 
Successive  Failures 

Throughout  this  study  the  term  "Time  Between  Suc¬ 
cessive  Failures"  will  be  used  instead  of  failure  rate. 

The  failure  rate  of  an  item  refers  to  the  number  of  failures 
that  normally  occur  within  a  specified  period  of  time.  Time 
Between  Successive  Failures  {TBSF)  refers  to  the  time 
period  between  one  failure  and  the  next.  Thus,  as  the  TBSF 
decreases/increases,  the  failure  rate  increases/decreases. 

Objective 

This  research  was  designed  to  provide  enough  new 
knowledge  to  address  conflicting  opinion  about  whether 
different  seasons  and  hence  external  environmental  factors 
are  related  to  the  time  between  successive  NS-20  failures. 

Limitations 

This  study  will  be  limited  to  determining  whether 
or  not  there  is  a  relationship  between  the  TBSF  of  NS-20s 
and  the  external  environmental  factors  of  temperature,  wind 
speed,  wind  direction,  humidity  and  barometric  pressure. 

Research  Hypothesis 

There  is  a  relationship  between  external  environ¬ 
mental  factors  and  the  TBSF  of  NS-20  guidance  systems. 
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Overview 

Chapter  II  will  present  an  overview  of  the  research 
design.  It  contains  a  general  description  of  NS-20  failures 
and  external  environmental  conditions  to  be  analyzed,  sta¬ 
tistical  methods,  and  criteria  used  to  determine  the  sig¬ 
nificance  of  results. 
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CHAPTER  II 

RESEARCH  METHODOLOGY 


Introduction 

The  relationship  between  the  TBSF  of  NS-20s  and 
external  environmental  conditions  was  examined  through  the 
use  of  multiple  regression  analysis.  Multiple  regression 
analysis  was  chosen  since  it  provides  a  means  by  which  the 
relationship  between  a  dependent  variable  (TBSF)  and  one 
or  more  independent  variables  (environmental  conditions) 
may  be  measured  (26:232).  The  significance  of  the  result¬ 
ing  measurement  then  becomes  a  matter  of  judgement. 

Criteria  by  which  significance  is  evaluated  was  established 
by  obtaining  the  opinions  of  personnel  familiar  with  both 
statistical  methods  and  the  TBSF  of  NS-20s  (26:221).  The 
net  result  of  the  collective  opinions  is  a  criteria  test 
by  which  the  findings  of  the  study  were  judged  as  signifi¬ 
cant  or  insignificant  in  terms  of  practical  importance/ 
rather  than  via  the  use  of  statistical  significance  alone. 
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occurred  as  the  result  of  DCU  malfunctions.  The  third 
group  contained  only  those  NS-20  failures  that  occurred 
as  the  result  of  PIGA  malfunctions.  The  last  two  groupings 
(DCU  and  PIGA  caused  failures)  were  selected  for  separate 
analysis  together  since  they  caused  approximately  66  per¬ 
cent  of  all  the  NS-20  failures  at  Grand  Forks  during  1973. 
Also,  any  relationship  that  might  exist  between  the  failure 
of  a  particular  NS-20  component  and  environmental  condi¬ 
tions,  could  possibly  bo  obscured  when  NS-20  failures  are 
analyzed  as  a  whole. 

Environmental  conditions  were  considered  in  three 
distinct  groups  (A,  B,  and  C).  Group  A  contained  the  con¬ 
ditions  that  existed  at  the  time  of  failure.  These  condi¬ 
tions  were  temperature,  wind  speed,  wind  direction,  humidity, 
and  barometric  pressure.  Groups  B  and  C  differed  from  Group 
A  in  that  different  temperature  variables  were  considered. 
Group  B  used  an  average  temperature  existing  for  a  given 
time  prior  to  failure.  Group  C  used  an  average  rate-of- 
temperature  change  that  occurred  for  a  given  time  period 
prior  to  the  time  of  failure. 

Group  B  and  C  analysis  was  conducted  due  to  the 
possibility  of  a  delay  effect  of  temperature  on  failure 
modes  caused  by  the  mass  of  Minuteman  launchers.  Therefore, 
to  account  for  any  possible  delayed  effect,  temperature 
conditions  were  considered  for  several  hours  prior  to  the 
time  of  failure.  The  search  for  a  relationship  between 
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average  temperature  conditions  (environmental  Group  B) 
and  NS- 20  failures  covered  a  72-hour  period  preceding  the 
time  of  failure.  An  average  was  computed  in  six-hour 
periods  up  to  the  72  hour  limit.  The  result  was  twelve 
averages  representing  the  average  temperature  during  the 
six  hours  preceding  failure,  twelve  hours  preceding  failure, 
eighteen  hours  preceding  failure,  and  etc.  Each  average 
was  analyzed  separately  to  determine  if  a  relationship 
exists  between  a  particular  time  period/average  temperature 
condition  and  the  TBSF. 

The  search  for  a  relationship  between  TBSF  and 
rate-of-temperature  change  con  ditions  (environmental  group 
C)  covered  a  twelve-hour  period  preceding  the  time  of 
failure.  The  rate-of-temperature  change  was  computed  in 
one-hour  increments  from  the  time  of  failure  up  to  the 
twelve  hour  limit.  The  result  was  twelve  rates  representing 
the  rate-of-temperature  change  for  one  hour  preceding 
failure,  two  hours  preceding  failure,  three  hours  preceding 
failure,  and  etc.  Each  rate  of  change  was  analyzed  separ¬ 
ately  to  determine  if  a  relationship  existed  between  a 
particular  time  period/rate-of-temperature  change  condi¬ 
tion  and  TBSF.  Figure  4  is  a  summary  of  the  combinations 
of  variables  that  were  analyzed.  Each  of  the  dependent 
variables  was  regressed  with  the  three  groups  of  independent 
variables  making  a  total  of  nine  different  combinations. 
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Dependent  Variables 
Group  (Failures) _ 

1  TBSF  (all  causes) 

2  TBSF  (due  to 

DCU  malfunctions) 

3  TBSF  (due  to 

PIGA  malfunctions) 


Figure  4, 


Independent  Variables 
(Environmental  Conditions) 


Group  A 

1. 

Temperature  at  time 
failure  (TOF). 

of 

2. 

Wind  speed  at  TOF. 

3. 

Wind  direction  at  TOF. 

4. 

Humidity  at  TOF. 

5. 

Barometric  Pressure 

at 

TOF 

Group  B 

1. 

Average  temperature 

prior 

to  failure. 

2. 

Wind  speed  at  TOF. 

3. 

Wind  direction  at  TOF. 

4. 

Humidity  at  TOF. 

5. 

Barometric  pressure 

at 

TOF 

Group  C 

1.  Rate-of-ternperature  change 
prior  to  failure. 

2.  Wind  speed  at  TOF. 

3.  Wind  direction  at  TOF. 

4.  Humidity  at  TOF. 

5.  Barometric  pressure  at  TOF. 


Combinations 
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When  significant  trends  or  relationships  were  noted  during 
the  analysis/  additional  time  periods  were  considered. 

To  maintain  a  conservative  approach,  the  NS-20 
failures  that  occurred  at  Grand  Forks  during  1973  were 
defined  as  a  census  of  a  finite  population.  In  this  con¬ 
text,  statistical  F  and  t-tests  wore  not  considered 
appropriate.  Main  effects  were  identified  by  data  analysis 
consisting  of  descriptive  statistics  using  simple  coeffi¬ 
cients  of  mathematical  relationships  through  regression 
2 

analysis  or  R  ;  and  the  application  of  a  practical  criteria 
test  rather  than  a  statistical  test.  For  those  individuals 
who  wish  to  assume  the  census  is  a  representative  sample 
from  a  process  population,  the  results  of  F  tests  are 
included  in  Appendices  A,  B,  and  C. 


Multiple  Regression  Analysis 
As  stated  previously,  multiple  regression  analysis 
was  used  to  analyze  the  relationship  between  TBSF  and 
external  environmental  conditions.  The  general  form  of  the 
relationship  is: 


=  TBSF 

=  Environmental  Conditions 

=  Bn  +  B, X,  +  B~X0  . . .  B  X 
0  11  2  2  n  n 


The  relationship  was  estimated  by  least  squares  methods  for 
linear  relationships  (26:232).  Once  a  regression  relation¬ 
ship  has  been  established,  it  may  be  used  to  derive 
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estimates  of  the  dependent  variable  (Ym)  based  on  the  values 
of  the  independent  variable (s)  (X^) .  The  relationship  may 
also  be  used  to  determine  the  effects  of  the  independent 
variables  on  the  dependent  variable  (28:3).  The  major 
advantage  of  multiple  regression  analysis  is  that  the 
effect  of  each  independent  variable  can  be  measured  in  the 
context  of  the  combined  relationship  with  all  other  inde¬ 
pendent  variables  (18 : -  1 ) . 

Multiple  regression  analysis  yields  an  index  called 

2  2 

the  coefficient  of  determination  or  R  .  The  term  R 
represents  the  proportion  of  the  total  variability  in  the 
dependent  variable#  i.e.,  TBSF,  explained  by  the  linear 
regression  (30:342).  Total  variability  is  equal  to  the 
explained  variability  plus  the  unexplained  variability. 

Thus# 

r2  _  Explained  Variability 

Total  Variability  (29:492) 


For  example,  if  the  total  variability  of  the  TBSF  was  equal 
to  15# 672  and  a  linear  regression  resulted  in  an  explained 
variability  of  5,934  then: 


5,934  . 
“  15,672  _ 


.378 


This  may  be  interpreted  as  meaning  that  37.8  percent  of 
the  variance  in  the  TBSF  is  explained  by  the  particular 
combination  of  environmental  factors  (independent  vari¬ 
ables)  used  in  the  equation.  Since  the  numerator  cannot 
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2 

exceed  the  denominator,  R  will  always  be  between  zero  and 
2 

one.  If  R  equals  zero,  then  the  regression  explains  none 
of  the  variability,  and  there  would  be  no  observed  rela¬ 
tionship  between  the  dependent  variables  and  independent 

2 

variables  in  the  regression  equation.  If  R  equals  one, 

then  the  regression  explains  the  variability  perfectly. 

2 

However,  when  the  value  of  R  falls  somewhere  between  zero 
and  one,  the  significance  or  importance  of  the  relationship 
in  practical  terms,  between  the  variables  becomes  a  matter 
of  judgement  (16:221). 


Criteria  Test 

To  construct  a  decision  rule  to  use  as  a  test  of 
the  research  hypothesis,  it  was  necessary  to  determine  what 
should  be  considered  a  significant  relationship  in  terms 
of  practical  importance  between  TBSF  and  environmental 
conditions.  Therefore,  the  researchers  contacted  several 
individuals  closely  associated  with  reliability  and  quality 
control  of  the  NS-20  missile  guidance  set  who  were  also 
knowledgable  about  regression  analysis.  The  following  is  a 
brief  description  of  the  opinions  of  the  personnel  contacted. 

Both  Lt.  Col.  W.  Goodwin  (14)  and  Mr.  Neukuckatz 
(19) ,  MNDR,  SAMSO,  declined  to  give  any  specific  quantita¬ 
tive  answers.  Their  reasons  were  that  too  many  variables 
were  involved  to  assign  any  significance  to  a  specific 
relationship  without  first  examining  the  factors  being  com¬ 
pared,  the  method  of  comparison,  and  the  size  of  the 
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population.  Lt.  Col.  Goodwin  indicated  that  any  findings 
considered  insignificant  by  the  researchers  might  upon 
further  analysis  by  MNDR  be  considered  significant,  and  con¬ 
versely,  findings  considered  significant  by  the  researchers 
might  be  considered  insignificant  by  MNDR. 

Mr.  R.  Wallan  (27),  Ogden  ALC,  indicated  the  degree 
of  significance  depends  upon  the  size  of  the  population 
being  considered.  He  indicated  that  for  small  populations 
the  coefficient  of  determination  would  have  to  be  .9  or 
better  before  he  would  consider  the  relationship  signifi¬ 
cant.  However,  for  large  populations,  he  would  consider 
the  relationship  significant  if  the  coefficient  of  determi¬ 
nation  was  .4  or  higher. 

Mr.  R.  Genet  (13),  Aerospace  Guidance  and  Metrology 
Center  (AGMC) ,  Newark  AFS,  Ohio,  agreed  with  Mr.  Wallan’s 
comments.  However,  he  indicated  that  AGMC  might  assign 
differing  degrees  of  significance  to  the  researchers' 
findings  after  they  had  a  chance  to  review  the  completed 
study. 

As  a  result  of  the  interviews,  the  establishment  of 
a  decision  rule  was  delayed  until  after  data  analysis.  The 
results  of  data  analysis  would  be  presented  to  several 
qualified  individuals  with  a  request  for  their  opinion  to 
aid  in  establishing  a  decision  rule  for  the  criteria  test. 
The  criteria  test  would  then  be  applied  to  determine 


support  or  nonsupport  for  the  research  hypothesis;  i.e., 
a  predicted  relationship  between  external  environmental 
factors  and  the  TBSF  of  NS-20s. 


CHAPTER  III 


DATA  CONVERSION  AND  PROCESSING 

Introduction 

Evaluation  of  the  research  hypothesis  was  accom¬ 
plished  through  the  use  of  multiple  regression  analysis. 
During  the  analysis,  TBSF  of  failure  groups  1,  2,  and  3 
was  compared  with  environmental  groupings  A,  B,  and  C. 

See  Figure  4,  page  19.  The  temperature  conditions  examined 
were  "temperature  at  failure,"  "average  temperature  prior 
to  failure,"  and  "average  rate-of-temperature  change  prior 
to  failure."  These  conditions  are  explained  in  detail  in 
this  chapter  under  the  section  titled  "Environmental 
Variables."  To  complete  the  analysis,  it  was  necessary  to 
know  the  hourly  weather  observations  at  Grand  Forks  from 
30  December  1972  to  28  December  1973.  It  was  also  necessary 
to  know  the  date,  time  and  cause  of  failure  for  every  NS-20 
that  failed  at  Grand  Forks  during  calendar  year  1973. 
Following  is  a  discussion  of  the  source,  validity,  and  col¬ 
lection  of  NS-20  failure  data,  environmental  data,  and  the 
processing  that  was  necessary  to  prepare  both  sets  of  data 
for  use  in  multiple  regression  analysis. 


26 


NS-20  Failure  Data 


Universe 

The  universe  of  NS-20  guidance  systems  have  been 
operationally  deployed  on  Minuteman  III  missiles  since 
February  1970  (2:80).  NS-20s  are  presently  operationally 
deployed  on  500  Minuteman  Ills:  150  at  Minot  AFB,  North 
Dakota;  150  at  Grand  Forks  AFB,  North  Dakota;  200  at  F.  E. 
Warren  AFB,  Wyoming;  and  50  in  the  564th  Strategic  Missile 
Squadron  (SMS),  Malmstrom  AFB,  Montana  (2:80-82). 


Population 

The  population  census  consisted  of  all  NS-20 
failures  that  occurred  at  Grand  Forks  AFB  during  calendar 
year  1973.  The  population  consisted  of  160  failures  dis¬ 
tributed  throughout  calendar  year  1973.  See  Figure  5. 

The  population  was  divided  into  two  major  groupings. 

Non-Stratif ied  Population.  The  "non-stratif ied 
population"  consisted  of  all  165  NS-20  failures,  less  five 
induced  failures  for  a  total  of  160.  An  induced  failure 
is  caused  by  operation  under  conditions  outside  specifica¬ 
tion  limits  or  by  physical  mishandling  and  was  not  con¬ 
sidered  appropriate  to  the  objectives  of  this  study. 

Stratified  Population.  Two  causes  of  failure  were 
included  in  the  stratified  population:  Pendulous  Integra¬ 
ting  Gyro  Accelerometer  (PIGA)  failures  and  Digital 
Computer  Unit  (DCU)  failures.  To  achieve  any  statistically 
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Number 

Month  Failures  PICA  DCU  RTOK  GT-TI-B  MGSC  GCA  GSP  P92  Induced 


Jan  19  4  5  3  3  3  1 

Feb  10  5  2  2  1 

t 

Mar  16  7  4  4  1 

Apr  20  11  2  2  1  1  1  2 

May  12  7  1  2  2 

Jun  17  10  3  1  1  11 

Jul  19  8  4  2  1  2  1  1 

Aug  21  12  6  12 

Sep  10  5  2  1  1  1 

Oct  3  1  1  1 

Nov  10  4  3  1  2 

Dec  _ 8  __4  __1  _3_  _  _  _  _  _  _ 

Total  165  78  32  19  13  7  5  4  2  5 

PIGA  .  Pendulous  Integrating  Gyro  Accelerometer 

DCU  .  Digital  Computer  Unit 

RTOK . Retest  OK 

GT-TI-B  .  Gyro  Compass 

MGSC  .  Missile  Guidance  Set  Control 

GSP  .  Gyro  Stabilized  Platform 

GCA . Gyro  Compass  Assembly 

P92  .  Amplifier  Assembly 

Induced  .  See  "non-stratif ied  population" 


TOTAL  FAILURES  USED  IN  STUDY  =  165  -  (five  induced  failures) 

=  160  Failures 


Figure  5.  Population  of  NS-20  Failure  Data 

Grand  Forks  AFB,  Calendar  Year  1973 
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meaningful  results,  a  stratified  grouping  should  contain 
at  least  thirty  observations  (17).  PIGA  failures  and  DCU 
failures  consisted  of  seventy-eight  and  thirty-two  observa¬ 
tions  respectively.  Other  causes  of  failure  in  the  data  con¬ 
sisted  of  less  than  twenty  observations  each,  and  therefore 
were  not  included  in  the  stratified  population.  However, 
they  were  included  in  analysis  of  non-stratif ied  population 
information  described  above  (see  Figure  5,  page  27). 

Data  Source  and  Validity 

NS-20  failure  data  was  obtained  from  the  Relia¬ 
bility  and  Quality  Assurance  Division,  (MNDR) ,  Space  and 
Missile  Systems  Organization  (SAMSO) ,  Norton  AFB,  Cali¬ 
fornia.  MNDR  received  the  information  on  NS-20  failures 
from  individual  missile  wings  (19).  The  data  was  trans¬ 
mitted  in  the  form  of  a  "Not  Reparable  This  Station" 

(NRTS)  message.  Each  Minuteman  wing  transmitted  a  NRTS 
message  every  time  a  failed  NS-20  was  replaced  (2:80-82). 

All  failed  NS-20s  were  repaired  at  the  depot  (15) ,  Source 
data  for  the  NRTS  message  was  accumulated  by  automatic 
equipment  in  the  missile  complex.  The  automatic  equipment 
recorded  the  cause  of  failure  as  well  as  the  date  and  time 
of  failure  (21) .  The  NRTS  message  contained  the  date  and 
time  of  failure  and  cause  of  failure  (19) .  Any  question¬ 
able  data  in  the  message  was  resolved  by  a  telephone 
call  from  MNDR  to  the  wing  concerned  (19) . 
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After  the  failed  NS-20  was  received  and  analyzed 
by  the  depot  at  Newark  AFS,  Ohio,  all  agencies  concerned 
were  notified  of  the  depot's  findings,  that  is,  what  the 
depot  determined  was  the  actual  cause  of  failure  (19) . 

Cause  of  failure,  time  and  date  of  failure  information 
from  both  the  wings  and  the  depot  was  consolidated  on  an 
"MNDR  file"  and  maintained  at  MNDR  for  reliability  and 
quality  control  analysis  (19).  Since  SAMSO  used  the  MNDR 
data  file  to  conduct  Minuteman  reliability  and  quality  con¬ 
trol  studies  (19)  ,  it  was  assumed  that  it  accurately 
reflected  the  date  and  time  of  failure  and  cause  of  failure 
as  determined  by  the  depot.  Figure  6  is  an  example  of  the 
data  received  from  MNDR. 


Universe 


Environmental  Data 


Environmental  data  was  collected  at  the  Minuteman 
deployment  area  described  previously.  Common  data  included 
temperature,  humidity,  dew  point,  wind  speed,  wind  direc¬ 
tion,  barometric  pressure,  cloud  cover,  visibility,  rain 
and  snow  fall,  and  storm  activity.  Both  ground  level  and 
upper  atmosphere  conditions  were  recorded.  The  observa¬ 
tions  were  normally  made  hourly;  however,  when  weather  con¬ 
ditions  were  changing  rapidly  or  were  unusually  turbulent, 
special  observations  were  recorded. 
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Population 

The  environmental  data  for  this  study  was  a  popula¬ 
tion  census  of  all  the  hourly  observations  of  ground  level 
temperature,  barometric  pressure,  dew  point,  wind  speed, 
and  wind  direction  taken  by  Detachment  15,  3rd  Weather 
Wing,  Grand  Forks  AFB,  North  Dakota,  from  30  December  1972 
through  28  December  1973. 

Data  Source  and  Validity 

The  data  was  extracted  from  copies  of  original 
daily  logs  maintained  by  Detachment  15,  3rd  Weather  Wing 
(see  Figure  7).  The  logs  contained  the  following  pertinent 
data:  ground  level  temperature,  barometric  pressure,  dew 
point,  wind  direction,  and  wind  speed.  According  to 
Lt.  Clark  (9),  Detachment  15,  observations  were  taken  hourly 
within  plus  or  minus  five  minutes  of  the  hour.  Temperature 
readings  were  in  degrees  Fahrenheit  and  accurate  to  within 
plus  or  minus  one  degree.  Barometric  pressure  was  recorded 
in  inches  of  mercury.  Dew  point  was  in  degrees  Fahrenheit 
and  accurate  to  within  plus  or  minus  three  degrees.  Wind 
direction  was  rounded  to  the  nearest  ten  degrees,  i.e.,  a 
wind  direction  of  276  would  be  recorded  as  280  degrees. 

Wind  speed  was  in  knots  and  represented  a  one  minute 
average  that  included  all  peaks  and  lulls. 

Since  weather  observations  were  not  available  for 
individual  missile  sites  (11) ,  it  was  assumed  that  the  data 
collected  at  Grand  Forks  AFB  was  representative  of 


Figure  7.  Sample  Weather  Data 
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conditions  throughout  the  missile  complex.  This  assumption 
was  based  on  two  reasons:  first,  the  opinion  of  Detachment 
15  weather  personnel  was  that  weather  conditions  were 
fairly  consistent  throughout  the  missile  complex  at  Grand 
Forks  AFB  (11);  and  second,  the  150  missile  sites  were  dis¬ 
tributed  from  fifteen  to  one  hundred  miles  north  and  south 
of  Grand  Forks  AFB,  and  as  a  result  differences  tend  to 
average  out  (11). 


Data  Processing — Step  One 

General 

The  data  was  prepared  and  entered  into  the  computer 
in  a  two-step  process.  The  first  step  was  to  enter  the 
NS-20  failure  data  (date,  time  and  cause  of  failure),  and 
the  environmental  conditions  existing  at  the  time  of 
failure  (temperature,  wind  speed,  wind  direction,  humidity, 
and  barometric  pressure).  The  second  step  was  to  enter 
the  hourly  temperature  readings  from  72  hours  preceding 
time  of  failure  up  to  the  time  of  failure.  Figure  8  is  an 
example  of  an  entry  for  the  first  step  in  the  data  input 
process.  Each  part  of  the  entry  will  be  described  in  the 
following  paragraphs. 

Processing  of  NS-20  Data 

The  raw  data  identified  the  date  and  time  of  each 
failure  (to  the  nearest  minute)  and  the  cause  of  failure  as 
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determined  by  the  depot  (19).  The  raw  data  was  processed 
into  usable  information  as  follows: 

Date  and  Time  of  Failure.  See  Item  2,  Figure  8, 
page  34.  The  time  was  converted  to  decimal  form.  The 
date  was  converted  into  hours  in  the  following  manner: 

[ (Julian  Date  -  1)  *  24]  +  Time  of  Day 

Thus  the  date  and  time  of  each  failure  was  converted  into 
"Year  Hours."  Example:  An  NS-20  that  failed  at  1015, 

11  January  1973,  would  have  been  converted  as  follows: 

[(Oil  -  1)  *  24]  +  1025  =  250.25 

Time  Between  Successive  Failures.  See  Item  1, 
Figure  8,  page  34.  This  data  input  was  obtained  by  sub¬ 
tracting  the  time  of  the  previous  failure  from  the  time  of 
the  current  failure.  This  data  was  used  in  the  multiple 
regression  analysis  as  the  dependent  variable. 

Cause  of  Failure.  See  Items  9  and  10,  Figure  8, 
page  34.  The  only  "causes  of  failure"  that  were  explicitly 
coded  were  PIGA  and  DCU  failures.  This  was  accomplished  by 
entering  a  "1"  or  an  "0"  in  the  appropriate  column.  For 
example,  a  PIGA  failure  would  be  represented  by  a  "1"  in 
column  51  and  a  "0"  in  column  54.  A  DCU  failure  would  be 
represented  by  an  "0"  in  column  51  and  a  "1"  in  column  54. 


All  other  failures  were  coded  by  entering  a  "0"  in  both 
columns  51  and  54. 
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Environmental  Data 

The  environmental  data  was  processed  as  follows: 

Date  and  Time  of  Observation.  See  Item  3,  Figure 
8,  page  34.  The  time  was  rounded  to  the  nearest  hour. 

This  meant  a  maximum  of  a  five  minute  change.  The  resulting 
date/time  group  was  then  converted  to  year  hours  in  the 
same  manner  as  for  NS-20  failure  data. 

Temperature.  See  Item  4,  Figure  8,  page  34. 
Temperature  data  was  used  as  it  appeared  on  the  logs.  When 
entered  in  the  computer,  the  temperature  readings  required 
four  columns.  The  first  column  indicated  whether  or  not 
the  reading  was  above  or  below  zero,  and  the  next  three 
columns  contained  the  degrees.  Example:  a  temperature 
reading  of  15  degrees  below  zero  would  appear  as  indicated 
in  line  a  below,  and  a  reading  of  110  degrees  above  zero 
would  appear  as  indicated  in  line  b. 

Columns  19-22 
(temperature) 


a .  -15 

b .  110 


Wind  Direction  and  Speed.  See  Items  5  and  6, 


Figure  8,  page  34,  Wind  data  was  used  as  it  appeared  on 
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the  logs.  A  wind  reading  of  280  degrees  at  6  knots  would 
appear  as  indicated  below. 

Columns  31-32  Columns  36-37 

(direction)  (speed) 

280  06 

Barometric  Pressure.  See  Item  7,  Figure  8,  page 
34.  Pressure  readings  were  modified  from  the  manner  in 
which  they  appeared  on  the  log.  For  example,  a  pressure 
reading  of  30.21  inches  appeared  on  the  log  as  021;  a 
pressure  reading  of  29.68  inches  appeared  on  the  log  as 
968.  The  log  readings  were  converted  to  the  normal  form 
of  30.27,  29.68,  etc. 

Humidity.  See  Item  8,  Figure  8,  page  34.  To 
obtain  the  relative  humidity  readings  it  was  necessary  to 
convert  the  dew  point  readings  on  the  logs  into  humidity 
readings.  The  conversion  was  accomplished  by  the  use  of 
a  "Relative  Humidity  (percent)  From  Temperature  and 
Temperature-Dewpoint  Depression"  conversion  chart  (see 
Figure  9).  To  obtain  this  conversion  from  the  chart  it 
required  the  following: 

1.  Convert  the  temperature  and  time  of  failure  and 
the  dew  point  temperature  to  degrees  Centigrade  that  equate 
to  degrees  in  Fahrenheit. 

2.  Obtain  the  difference  between  the  temperature 
at  the  time  of  failure  and  the  dew  point  temperature  (degree 
Centigrade) . 


■ft  "Kmv‘  w*#.  *#  m  Hf,;yr*FW«*> 


»rtwwv,w 


3.  Using  the  temperature  at  the  time  of  failure  in 
Centigrade  (across  the  top)  and  the  difference  from  Step  2 
(left  side),  enter  Figure  9  (page  38)  and  obtain  the 
humidity.  A  dew  point  reading  of  25  degrees  Fahrenheit 
would  appear  as  indicated  below. 

Columns  47-48  (humidity) 

(86  percent) 


Data  Processing — Step  Two 
Follow-on  Input  of  Temperature  Data 

The  second  step  of  the  data  input  process  was  to 
enter  the  hourly  temperature  readings  for  the  72  hours 
immediately  preceding  the  time  of  each  failure.  Figure  10 
is  an  example  of  the  entries  for  this  step  in  the  data  input 


process, 


Card  Columns 

Data 

Entry 


(1) 

1-3 


(2) 

6-7 


Julian  Date  Time 


(3) 

10  -  13 
Temp. 


Figure  10.  Sample  Temperature  Input 


Date/Time  of  Temperature  Readings 

See  Items  1  and  2,  Figure  10.  The  data  in  columns 
1  through  7  was  processed  and  entered  in  exactly  the  same 
manner  as  described  in  the  paragraph  titled  "Date  and  Time 
of  Observation." 


Temperature  Data 


See  Item  3,  Figure  10.  The  data  in  columns  10 


through  13  was  processed  and  entered  in  exactly  the  same 
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manner  as  described  in  the  paragraph  titled  "Tempera¬ 

ture  . " 

Environmental  Variables 

After  the  environmental  data  was  processed  and 
entered  into  the  computer,  it  was  used  to  compute  the  fol¬ 
lowing  variables  for  each  failure. 

-  Temperature  at  time  of  failure, 

T2  -  Average  temperature  preceding  failure  (see 
n  below) . 

T3  -  Average  rate-of-temperaturc  change  pre- 
n  coding  failure  (see  below  . 

WS  -  Wind  speed  at  time  of  failure. 

WD  -  Wind  direction  at  time  of  failure. 

H  -  Relative  humidity  at  time  of  failure. 

P  -  Barometric  pressure  at  time  of  failure. 

T2n — Average  Temperature  Prior  to  Failure.  Average 
temperature  prior  to  failure  was  computed  in  six-hour  incre¬ 
ments  from  the  time  of  failure,  up  to  72  hours  preceding 
the  time  of  failure,  where  n  =  6,  12,  18,  24... 72.  Smaller 
time  intervals  were  not  selected  due  to  the  large  number  of 
calculations  involved.  The  computations  resulted  in 
twelve  groups  of  data  representing  the  average  temperature 
prior  to  failure  in  six-hour  increments  ranging  from  six  to 
72  hours  preceding  each  failure. 


T3n--Averaqe  Rate-of-Temperature  Change  Prior  to 
Failure.  The  average  rate-of-temperature  change  prior  to 
failure  was  computed  in  one-hour  increments  from  one  hour 
up  to  twelve  hours  preceding  the  time  of  failure  where 
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n  »  1  -  12.  The  computations  resulted  in  twelve  groups 
of  data  representing  the  average  rate-of-temperature  change 
from  one  to  twelve  hours  preceding  each  failure.  The 
average  rate-of-temperature  change  was  computed  by  dividing 
the  absolute  total  change  in  temperature  for  a  period  by 
the  number  of  hours  in  the  period.  Example:  Assume  a 
failure  occurred  at  1000  and  the  following  temperatures 
were  observed  during  the  preceding  four  hours. 


Time 

Temperature 

Change  (absolute) 

1000 

+015 

-  (time  of  failure) 

0900 

+023 

7 

0800 

+  030 

7 

0700 

+025 

5 

0600 

+020 

5 

24  M  =  6  degrees  per  hour 
Therefore,  for  this  failure  T34  =  6. 

Dependent  Variables 

Three  dependent  variables  were  computed  for  use 
in  the  multiple  regression  equations.  The  computation 
and  classification  of  these  variables  is  described  below. 

TBSF  (All  Causes) — Group  1.  This  variable  repre¬ 
sents  TBSF  for  all  NS-20  failures  in  the  total  or  non- 
stratified  population.  The  procedure  for  computing  TBSF 
was  to  round  the  time  of  failure  to  the  nearest  tenth  of 
an  hour;  then  convert  the  rounded  time  to  "year-hours" 
as  described  in  the  section  titled  "Date  and  Time  of 
Failure;  "  and  finally  to  compute  TBSF  as  described  in  the 


section  titled  "Time  Between  Successive  Failures."  TBSF 
meets  the  criteria  for  multiple  regression  analysis 
(interval  level  data),  since  it  is  a  measure  of  time. 

Time  satisfies  the  criteria  of  ratio  level  data  since  it 
can  be  conceptually  measured  as  having  an  absolute  zero 
as  well  as  equal  units  (16:179).  Therefore,  TBSF  of  all 
NS-20  failures  is  at  least  interval  level  data.  However, 
the  criteria  have  not  been' met  for  F-tests  since  by  defi¬ 
nition  the  data  is  a  population  and  not  a  representative 
sample  of  a  process  population. 


TBSF  (Due  to  DCU  Failures) — Group  2.  This  vari¬ 
able  represents  one  stratum  of  the  stratified  population; 
i.e.,  the  TBSF  for  all  NS-20  failures  due  to  DCU  mal¬ 


functions.  Since  its  computation  was  the  same  as  TBSF 


(all  causes) ,  it  also  meets  the  data  level  criteria  for 


multiple  regression  analysis. 


TBSF  (Due  to  PIGA  Failures) — Group  3.  This 
variable  represents  the  other  stratum  of  the  stratified 
population;  i.e.,  the  TBSF  for  all  NS-20  failures  due  to 
PIGA  malfunctions.  Since  its  computation  was  the  same  as 
TBSF  (all  causes) ,  it  also  meets  the  data  level  criteria 


for  multiple  regression  analysis. 


Independent  Variables 


Seven  independent  variables  were  computed  for 
use  in  tho  multiple  regression  equations.  The  computation 
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and  classification  of  these  variables  is  described 
below. 


Temperature  at  Time  of  Failure  (Tl).  The  time  of 
each  temperature  reading  was  rounded  to  the  nearest  hour; 
then  the  time  was  converted  to  "year-hours"  as  described 
in  the  section  titled  "Date  and  Time  of  Failure."  The 
temperature  at  time  of  failure  was  then  determined  by 
selecting  the  year-hour  of  a  temperature  observation  that 
came  closest  to  the  year-hour  of  an  individual  failure. 
Temperature  at  Time  of  Failure  meets  the  criteria  or 
interval  level  or  better  data  for  multiple  regression 
analysis  since  any  data  that  allows  a  determination  of  dif¬ 
ferences  in  magnitude  is  classified  as  interval  data 
(16:179) . 


Wind  Speed  at  Time  of  Failure  (WS) .  The  computa¬ 
tion  and  data  level  classification  of  this  variable  was 
the  same  as  for  "Temperature  at  Time  of  Failure." 

Wind  Direction  at  Time  of  Failure  (WD) .  The  com¬ 
putation  and  data  level  classification  of  this  variable 
was  the  same  as  for  "Temperature  at  Time  of  Failure." 

Humidity  at  Time  of  Failure  (H)  .  The  computation 


and  data  level  classification  of  this  variable  was  the  same 
as  for  "Temperature  at  Time  of  Failure." 
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Barometric  Pressure  at  Time  of  Failure  (BP) .  The 
computation  and  data  level  classification  of  this  vari¬ 
able  was  the  same  as  for  "Temperature  at  Time  of  Failure." 

Average  Temperature  Prior  to  Failure  (T2fl) .  This 
variable  was  computed  as  described  in  the  section  titled 
"T2n — Average  Temperature  Prior  to  Failure."  The  T2n 
variable  was  considered  as  interval  level  data  since  it 
allows  a  determination  of  differences  in  magnitude  (16:179). 

Average  Rato-of -Temperature  Change  Prior  to 

Failure  (T3n) .  This  variable  was  computed  as  described  in 

the  section  titled  "T3n — Average  Rate-of-Temperature  Change 

Prior  to  Failure."  The  T3„  variable  was  considered  as 

n 

interval  level  data  since  it  allows  a  determination  of 
differences  in  magnitude  (16:179). 

Summarization  of  Data 

Introduction 

The  data  was  arrayed  in  two  types  of  files, 
intermediate  and  final.  The  intermediate  files  consisted 
of  raw  data  with  minimum  changes.  The  final  files  were 
in  a  format  that  was  readily  used  by  the  BMD02R  Multiple 
Regression  Program.  The  BMD02R  program  is  described  in 
Chapter  IV,  "Data  Analysis."  Files  were  arrayed  and 
entered  into  the  computer  as  follows. 


Intermediate  Files 


These  files  were  used  as  vehicles  to  initially 
enter  and  process  the  raw  data.  After  being  checked  and 
verified,  the  intermediate  files  served  as  a  data  source 
for  the  creation  of  the  final  files. 

Intermediate  File  CLSCl.  This  file  contained  the 
raw  NS-20  failure  data  and  the  environmental  conditions 
existing  at  the  time  of  failure.  The  only  changes  to  the 
data  were:  converting  the  dates  to  Julian  days,  the  hours 
to  decimal  form,  and  rounding  the  time  of  the  weather 
observation  to  the  nearest  hour.  The  conversions  were 
accomplished  manually  and  the  data  was  input  from  work¬ 
sheets  created  from  basic  documents.  The  file  was  con¬ 
structed  as  indicated  in  Figure  11. 

Julian  Dew  Wind  Wind  PIGA  DCU 

Date  TOF*  TQWO**  Temp  Point  Dir  Speed  Press  Fail .  Fail . 

002,  8.9,  9,  014,  007,  160,  15,  29.80,  0,  0 

*TOF  ....  Time  of  Failure 
**TOWO  .  .  .  Time  of  Weather  Observation 

Figure  11.  File  CLSCl 

Intermediate  File  CLSC2 .  This  file  was  a  further 
refinement  of  file  CLSCl.  It  contained  the  same  data  as 
CLSCl  with  the  addition  of  time  between  Successive  Failures 
and  dew  point  converted  to  relative  humidity.  The  file 


m 

f 
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wab  created  by  computer  program  MODI  listed  in  Appendix  D. 
The  file  appeared  as  previously  indicated  in  Figure  8  on 
page  34. 


Intermediate  File  TEMP.  This  file  contained  all 
the  required  temperature  data  for  each  NS-20  failure,  that 
is,  it  contained  the  temperature  at  time  of  failure,  and 
the  hourly  temperature  readings  for  a  72  hour  period  pre¬ 
ceding  each  failure.  The  only  changes  to  the  data  were: 
converting  dates  to  Julian  days  and  rounding  the  time  to 
the  nearest  hour.  The  file  appeared  as  indicated  in 
Figure  12. 


Julian  Date  TOWO*  Temp 

002,  9,  014 

♦Time  of  Weather  Observation. 

Figure  12.  File  TEMP 


Final  Files 

The  final  files  contained  all  of  the  variables 
in  a  compatible  format  that  were  needed  to  conduct  the 
multiple  regression  analysis  on  the  BMD02R  Program. 

Each  of  the  final  files  is  briefly  described  below.  All 
of  the  files  except  File  T1  were  created  by  computer  pro 
gram  MOD2  listed  in  Appendix  D.  File  T1  was  created  by 
program  MODI. 
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File  T1 — All  NS-20  Failures.  This  file  contained 
all  the  NS-20  failures.  The  failures  were  listed  in 
chronological  sequence.  The  entry  tor  each  file  contained: 
TBSF,  temperature,  wind  speed,  wind  direction,  humidity, 
and  pressure  at  time  of  failure;  and  the  cause  of  failure 
(PIGA,  DCU  or  other) . 

File  TIP — NS-20  Failures  Due  to  DCU  Malfunctions. 
This  file  was  identical  to  File  Tl,  except  that  it  contained 
only  DCU-caused  failures. 

File  T1P--NS-2Q  Failures  Due  to  PIGA  Malfunctions. 
This  file  was  identical  to  File  Tl,  except  that  it  contained 
only  PIGA-caused  failures. 

Tile  T2A  and  T2B — Average  Temperature  Prior  to  All 
NS-20  Failures.  These  files  contained  the  same  data  as 
File  Tl  with  the  exception  of  the  temperature  at  the  time 
of  failure.  In  addition,  they  contained  the  average 
temperature  computations  for  the  twelve  six-hour  periods 
preceding  each  failure.  File  T2A  contained  the  data  for 
periods  one  through  six;  that  is,  the  average  temperature 
existing  during  the  6,  12,  18,  24,  30,  and  36  hour  time 
periods  preceding  each  NS-20  failure.  File  T2B  contained 
the  average  temperature  data  for  periods  seven  through 
twelve,  i.e.,  for  the  six-hour  increments  going  from  42 
to  72  hours  prior  to  the  time  of  failure. 


File  T2DA  and  T2DB— Average  Temperature  Prior  to 
DCU-Caused  Failures.  These  files  were  identical  to  File 
T2A  and  T2B,  except  that  they  contained  only  those  NS-20 
failures  caused  by  DCU  malfunctions. 

Files  T2PA  and  T2PB — Average  Temperature  Prior  to 
PIGA-Caused  Failures.  These  files  were  identical  to  files 
T2A  and  T2B,  except  that  they  contained  only  those  NS-20 
failures  caused  by  PIGA  malfunctions. 

Files  T3A  and  T3B — Average  Rate-of-Temperature 
Change  Prior  to  All  NS-20  Failures.  These  files  contained 
the  same  data  as  File  T1  with  the  exception  of  the  tempera¬ 
ture  at  time  of  failure.  In  addition,  they  contained  the 
average  rate-of-temperature  change  computations  for  the 
twelve-hour  periods  preceding  each  failure.  File  T3A 
contained  the  data  for  hours  one  through  six  preceding 
each  failure;  that  is,  the  average  rate-of-temperature 
change  occurring  during  hours  one  through  six.  File  T3R 
contained  the  data  for  hours  seven  through  twelve. 

Files  T3DA  and  T3DB — Average  Rate-of-Temperature 
Change  Prior  to  DCU-Caused  Failures.  These  files  were 
identical  to  Files  T3A  and  T3B,  except  that  they  contained 
only  those  NS-20  failures  caused  by  DCU  malfunctions. 

Files  T3PA  and  T3PB--Average  Ratc-of-Tomperature 
Change  Prior  to  PIGA-Caused  Failures.  These  files  were 


identical  to  Files  T3A  and  T3B,  except  that  they  contained 
only  those  NS-20  failures  caused  by  PIGA  malfunctions. 

Assumptions 

a.  It  was  assumed  the  weather  data  collected  at 
Grand  Forks  AFB  was  representative  of  conditions  throughout 
the  missile  complex. 

b.  The  time  period  considered,  1  January  through 
31  December  1973,  was  of  sufficient  length  of  yield  suffi¬ 
cient  data  to  meet  the  objectives  of  this  study. 

c.  The  data  collected  yielded  valid  information. 

Limitations 

The  conclusions  derived  from  the  research  apply 
only  to  the  population  census  of  NS-20  failures  at  Grand 
Forks  AFB  for  Calendar  Year  1973. 

Summary 

At  this  point  the  data  was  ready  for  use  in  the 


BMD02R  Multiple  Linear  Regression  Program.  Chapter  IV 
consists  of  an  analysis  of  the  data  that  was  produced  by 
the  BMD02R  program. 


CHAPTER  IV 


DATA  ANALYSIS  AND  TESTING  OF  HYPOTHESIS 

Introduction 

A  total  of  159  multiple  regression  equations  were 
computed.  Seventy-five  equations  were  originally  planned, 
however,  additional  equations  were  necessary  to  allow  an 
investigation  of  a  relationship  between  the  average  ratc- 
of- temperature  change  variable  and  the  stratified  popula¬ 
tion.  Each  one  of  the  regression  equations  was  an  attempt 
to  find  a  relationship  between  TBSF  and  external  environ¬ 
mental  conditions.  The  following  paragraphs  present 
generalized  descriptions  of  the  equations. 

Analysis  of  NS-20  Non-Stratif ied 
Population 

The  non-stratif ied  population  included  all  NS-20 
failures  that  occurred  at  Grand  Forks  during  1973.  Twenty 
five  equations  were  computed  in  an  attempt  to  find  a  rela¬ 
tionship  between  the  non-stratif ied  population  and  environ 
mental  conditions  (see  Figure  13).  One  equation  (see 
Equation  1  below)  consisted  of  a  prediction  of  TBSF  in 
terms  of  environmental  conditions  that  existed  at  the  time 
of  failure,  i.e.,  temperature,  wind  speed,  wind  direction, 
humidity,  and  pressure. 
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DEPENDENT 

VARIABLES 

(TBSF) 

INDEPENDENT  VARIABLES 
(ENVIRONMENTAL  CONDITIONS)  I 

TOTAL  R2 
EQUATIONS 

GROUP  A* 

GROUP  B** 

GROUP  C*** 

GROUP  ONE 
FAILURES 
(Non-Strat 
Population) 

TEMP,  WS,  WD, 

H,  P 
(Tl) 

TEMP,  WS,  WD, 

H,  P 

<T2„> 

n=l. 12. . .72 

TEMP,  WS,  WD, 

H,  P 

m„> 

n=l, 2. . .12 

25 

#Equations*l 
Appendix  A-l 

(♦Equations®  12 
Appendix  A- 2 

Eqs.  1-12 

#Equations=12 
Appendix  A-3, 
Eqs.  1-12 

GROUP  TWO 
FAILURES 
(Stratified 
Population) 
DCU  Stratum 

TEMP,  WS,  WD, 

H,  P 
(Tl) 

TEMP,  WS,  WD, 

H,  P 
(T2n) 

n=6, 12. . .72 

TEMP,  WS,  WD, 

H,  P 
<T3„> 

n=l , 2 . . .72 

85 

#Equations*l 
Appendix  B-l 

#Equations=12 
Appendix  B-2, 
Eqs.  1-12 

#Equations=72 
Appendix  B-3, 
Eqs.  1-72 

GROUP  THREE 

FAILURES 
(Stratified 
Population) 
PIGA  Stratum 

TEMP,  WS,  WD, 

H,  P 
(Tl) 

TEMP,  WS,  WD, 

H,  P 

<T2„> 

n=6, 12. . .72 

TEMP,  WS,  WD, 

H,  P 

(T3n> 

n=l, 2 ...  36 

49 

#Equations*l 
Appendix  C-l 

»Equations=12 
Appendix  C-2, 
Eqs.  1-12 

#Equations=36 
Appendix  C-3, 
Eqs.  1-36 

TOTAL  R2 
EQUATIONS 

3 

36 

120 

159 

♦These  regression  equations  attempt  to  predict  TBSF  in  terms 
of  environmental  conditions  existing  at  the  time  of  failure,  i.e., 
temperature,  wind  direction,  wind  speed,  humidity  and  pressure. 

♦♦These  regression  equations  attempt  to  predict  TBSF  in  terms 
of  average  temperature  conditions  existing  prior  to  the  time  of 
failure,  in  addition  to  conditions  existing  at  the  time  of  failure, 
i.e.,  wind  direction,  wind  speed,  humidity  and  pressure.  Twelve 
time  periods  were  selected:  6,  12,  18,  24,  30,  36,  42,  48,  54,  60, 
66  and  72  hours  jireceding  time  to  failure. 

♦♦♦These  regression  equations  attempt  to  predict  TBSF  in  terms 
of  the  average  rate-of-temperature  change  conditions  existing  prior 
to  the  time  of  failure,  in  addition  to  conditions  existing  at  the 
time  of  failure,  i.e.,  wind  direction,  wind  speed,  humidity  and 
pressure.  Up  to  72  time  periods  were  selected:  1,  2,  3... 72  hours 
prior  to  time  of  failure. 

Figure  13.  Summary  of  Multiple  Regression  Equations 
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Twelve  equations  (see  Equation  2  below)  consisted 
of  predictions  of  TDSF  in  terms  of  "average  temperature 
conditions  prior  to  failure"  and  the  environmental  con¬ 
ditions  existing  at  time  of  failure.  The  last  twelve 
equations  (see  Equation  3  below)  consisted  of  predictions 
of  TBSF  in  terms  of  "average  rate-of-temperature  change" 
conditions  prior  to  failure  and  the  environmental  condi¬ 
tions  existing  at  the  time  of  failure. 


Variables 

Ym  =  TBSF  of  NS-20  Non-Stratif ied  Population. 

=  Wind  Speed  at  the  time  of  failure  (TOF) . 

X2  =  Wind  Direction  at  TOF. 

X^  =  Barometric  Pressure  at  TOF. 

X^  =  Humidity  at  TOF. 

X[-  =  Temperature  at  TOF. 

Xgn  =  Average  Temperature  Conditions  Existing  Prior 
to  Failure  (computed  in  12  six-hour  periods) . 
n  =  6,  12,  18. . .72. 

X^n  =  Average  Rate-of-Temperature  change  Conditions 
Existing  Prior  to  Failure  (computed  in  twelve 
one-hour  periods) . 
n  =  1,  2,  3. ..12. 


bg  =  Constant. 


b,...b_  =  Coefficient  of  the  Independent  Variables 

1  ^  y  Y 

i  n 


Equations 

(1)  Ym  =  b0  +  blXl  +  b2X2  +  b3X3  +  b4X4  +  b5X5 
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(2) 

n 

bo 

+  b2x2  + 

b3X3 

+  b4X4 

+  b5X5 

+  b6nX6n 

(3) 

Y  = 
m 

cr 

o 

+  b2X2  + 

b3x3 

+  b4X4 

+  b5X5 

+  b7nx7n 

Analysis  of  NS-20  Stratified 
Population 

The  stratified  population  consisted  of  thirty-one 
DCU-caused  failures  and  seventy-seven  PIGA-caused  failures. 
Each  cause  of  failure  (DCU  and  PIGA)  was  grouped  separately, 
and  then  each  group  was  analyzed  in  exactly  the  same  manner 
as  for  the  non-stratif ied  population.  A  total  of  134 
equations  were  computed  in  an  attempt  to  find  a  relation¬ 
ship  between  the  TBSF  of  the  groups  of  the  stratified  popu¬ 
lation  and  the  environmental  conditions.  During  analysis 
of  the  DCU  group,  Ym  in  equations  1,  2,  and  3  above  was 
set  equal  to  the  TBSF  due  to  DCU  malfunctions.  During 
analysis  of  the  PIGA  group,  Y^  was  set  equal  to  the  TBSF 
due  to  PIGA  malfunctions. 

Computation  of  Equations 

The  actual  computation  of  the  multiple  regression 
equations  was  accomplished  by  using  the  BMD02R  Multiple 
Linear  Regression  Program.  This  computer  program  was 
developed  by  the  Health  Sciences  Computing  Facility  of  the 
University  of  California  at  Los  Angeles.  The  BMD02R  pro¬ 
gram  computes  a  sequence  of  multiple  linear  regression 
equations  in  a  stepwise  manner.  At  each  step  one  vari¬ 
able  is  added  to  the  regression  equation.  The  variable 
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added  is  the  one  which  makes  the  greatest  reduction  in 

the  error  of  the  sum  of  squares  (26:232);  that  is,  the 

2 

variable  that  will  increase  the  R  value  (coefficient  of 
determination)  more  than  any  of  the  other  available 

2 

independent  variables;  i.e.,  environmental  factors.  R 

is  the  proportion  of  the  total  variation  in  the  dependent 

variable  explained  by  the  regression  equation  (29:492). 

See  section  titled  "Criteria  Test,"  Chapter  II,  for  a 

2 

detailed  explanation  of  R  . 

i 

BMD02R  Output 

A  summarization  of  the  BMD02R  program  output  is 
presented  in  Figure  14.  A  brief  explanation  of  the  meaning 
of  each  item  in  Figure  14  follows: 

(1)  DF  means  degrees  of  freedom.  The  top  figure 
represents  upper  degrees  of  freedom;  the  bottom  figure 
represents  lower  degrees  of  freedom  for  the  F  ratio  (2) 
discussed  below.  For  the  F  to  remove  values  (6)  the  upper 
degree  of  freedom  is  always  one  and  the  lower  degree  of 
freedom  is  the  same  as  for  the  F  ratio. 

(2)  F  Ratio  represents  the  statistical  signifi¬ 
cance  of  the  ability  of  the  equation  to  predict  the  value 
of  the  dependent  variable  when  all  five  independent  vari¬ 
ables  are  considered. 

(3)  SS/PS  are  symbols  entered  by  the  authors  to 
indicate  whether  the  F-Ratio  is  statistically  significant 
(SS)  at  the  .05  level  or  practically  significant  (PS)  in 
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Figure  14.  Sample  BMD02R  Output 
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accordance  with  the  criteria  rule  established  in  the  sec¬ 
tion  titled  "Decision  Rule,"  The  absence  of  either  or 
both  SS  and  PS  indicates  that  tho  equation  is  not  sta¬ 
tistically  significant  or  of  practical  significance.  The 
F-ratio  and  statistical  test  was  included  for  the  con¬ 
venience  of  those  individuals  who  wish  to  consider  the  data 
as  a  representative  sample  of  a  process  population  in  which 
case  the  use  of  a  statistical  test  is  appropriate. 

(4)  Variables  in  Equation.  Displays  variables,  in 
the  regression  equation.  The  general  form  of  the  equation 
is: 


Ym  * 


blXl 


b2X2 


V  «  TBSP 
ro 


bnXn 

n  n 


bg  =  Constant 

b^  -  bn  =  Coefficients  for  independent  variables 


X.  -  X  =  Independent  variables  of  wind  speed,  wind 

direction,  humidity,  pressure,  and  tempera¬ 
ture  condition 


Example:  In  Figure  14,  the  equation  would  appear  as 

follows: 

Y  =  1815.3310  -  . 04905X,  -  .73598X,  -  54.00536X-, 
m  l  l  J 

-  . 23 11 OX  .  -  44 . 80348X- 
4  5 

where  X^  =  wind  direction;  -  wind  speed;  X^  =  pressure; 
X^  =  humidity;  and  X^  =  temperature  condition. 
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The  variables  representing  wind  speed,  wind  direction, 
humidity,  and  pressure  are  self-explanatory;  however,  the 
temperature  variables  are  somewhat  complex.  Therefore, 
the  temperature  variables  are  defined  as  follows:  T1 
represents  temperature  existing  at  the  time  of  failure. 

T2n  represents  the  average  temperature  existing  for  a 
specific  time  prior  to  failure,  i.e.,  T26  represents  the 
average  temperature  that  existed  during  the  six-hour  period 
immediately  preceding  failure,  etc.  n  =  6,  12,  18,  ...  72. 
T3n  represents  the  average  ratc-of-temperature  change  that 
existed  for  a  specific  time  prior  to  failure;  i.e.,  T39 
represents  the  average  rato-of-temperature  change  that 
existed  for  nine  hours  preceding  failure;  T310  represents 
temperature  change  for  ten  hours  preceding  failure,  etc. 
n  =  1,  2,  3  ...  72. 

(5)  Standard  Error.  A  measure  of  the  variation  of 
the  sample  around  the  expected  value  of  that  sample,  i.e., 
standard  deviation. 

(6)  F  to  Remove  represents  the  statistical  sig¬ 
nificance  of  the  relationship  between  that  independent 
variable  and  the  dependent  variable  with  all  other  vari¬ 
ables  being  held  constant. 

(7)  Variable  Entered/Removed  represents  vari¬ 
ables  entered  in  the  regression  equation.  In  this  study 


no  variables  were  removed. 
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(8)  R  is  the  correlation  coefficient  of  the  equa¬ 
tion  after  each  independent  variable  is  added  to  the  equa¬ 
tion. 

(9)  RSQ  is  the  coefficient  of  determination  or 

2 

R  of  the  equation  after  each  independent  variable  is 
added  to  the  eqt-  tion. 

(10)  An  equation  number  entered  by  the  researchers 
to  assist  the  reader  in  identifying  specific  equations. 

Analysis  of  the  Output 

The  total  output  of  the  BMD02R  consisted  of  159 
multiple  regression  equations  outlined  in  Figure  14  on 
page  55.  The  equations  were  grouped  for  analysis  as  indi¬ 
cated: 

1.  Group  one  contains  twenty-five  equations  pro¬ 
duced  as  the  result  of  regressing  TBSF  (Group  1,  non- 
stratified  population)  against  environmental  Groups  A,  B, 
and  C.  See  Figure  13,  page  51. 

2.  Group  two  contains  eighty-five  equations  as 
the  result  of  regressing  TBSF  (Group  2,  stratified  popu¬ 
lation)  DCU  strata,  against  environmental  groups  A,  B, 
and  C.  See  Figure  13,  page  51. 

3.  Group  three  contains  forty-nine  equations 
produced  as  the  result  of  regressing  TBSF  (Group  3, 
stratified  population)  PIGA  strata,  against  environmental 
Groups  A,  B,  and  C.  See  Figure  13,  page  51. 
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Due  to  the  large  number  of  equations  involved,  the 
summary  results  are  listed  in  the  following  appendices. 

Appendix  A  -  Failure  Group  One  equations  versus 
Environmental  Groups  A,  B,  and  C. 

Appendix  B  -  Failure  Group  Two  equations  versus 
Environmental  Groups  A,  B,  and  C. 

Appendix  C  -  Failure  Group  Three  Equations  versus 
Environmental  Groups  A,  B,  and  C. 

Throughout  the  analysis  that  follows,  the  term 
"inverse  relationship"  is  used  several  times.  The  term  is 
used  to  describe  the  relationship  between  the  dependent 
variable  and  one  or  more  independent  variables.  The  term 
is  defined  below  for  the  various  situations  under  which 
the  term  might  be  used.  An  inverse  relationship  between 
the  TBSF  and  a  particular  environmental  condition  would 
mean  that  as  the  condition  (temperature,  humidity, 
barometric  pressure,  wind  speed,  average  temperature  or 
average  rate-of-temperature  change)  INCREASED/DECREASED, 
TBSF  would  do  the  opposite;  i.e.,  DECREASE/INCREASE.  Some 
of  the  regression  equations  indicated  that  an  inverse 
relationship  existed  between  wind  direction  and  TBSF. 

This  occurred  since  wind  direction  was  measured  from  zero 
to  360  degrees,  and  for  each  failure  mode  a  mean  wind 
direction  was  computed.  During  the  computation  of  a 
regression  equation,  the  BMD02R  program  may  have  noted 
that  as  wind  direction  varied  from,  for  example,  a  mean  of 
180  degrees  toward  200  degrees,  i.e.,  INCREASED,  the  TBSF 
DECREASED.  Therefore,  it  would  indicate  that  an  inverse 


L 


H 
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relationship  existed.  A  direct  relationship  means  the 
dependent  and  independent  variables  both  move  in  the  same 
direction. 


Analysis  of  Group  One  Equations 
This  group  is  analyzed  as  indicat'd  in  Figure  15. 
The  first  equation  regresses  Group  One  failures  against 
environmental  Group  A.  The  next  twelve  equations  regress 
Group  One  failures  against  environmental  Group  B.  The 
last  twelve  equations  regress  Group  One  failures  against 
environmental  Group  C. 

Failure  Group  One  vs.  Environmental  Group  A 

See  Appendix  A-l.  This  regression  indicated  an 

inverse  relationship  between  temperature/pressure  at  time 

of  failure  and  TBSF .  That  is,  as  temperature/pressure 

decreased,  the  TBSF  increased.  The  other  variables  (wind 

speed,  wind  direction,  and  humidity)  were  indicated  as 

having  a  direct  relationship  with  TBSF.  Temperature  con- 

2 

tnbuted  the  most  to  R  (.0085),  followed  by  wind  speed 

(.0029),  wind  direction  (.0020),  humidity  (.0002),  and 

2 

pressure  (.0001).  The  total  R  value  was  a  rather  low 
.0136,  which  may  be  interpreted  as  meaning  that  the 
environmental  conditions  at  time  of  failure  explained  1.36 
percent  of  the  variance  in  the  TBSF. 
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Failure  Group  One  vs.  Environmental  Group  B 

See  Appendix  A-2.  All  twelve  regression  equations 
in  this  grouping  indicated  an  inverse  relationship  between: 
(1)  average  temperature  conditions  existing  prior  to  fail¬ 
ure  and  TBSF;  and  (2)  barometric  pressure  existing  at  time 
of  failure  and  TBSF.  With  the  exception  of  the  first 
equation,  humidity  was  indicated  as  having  a  direct  rela¬ 
tionship  with  TBSF.  Wind  speed  and  wind  direction  were 

indicated  as  having  a  direct  relationship  in  all  equations. 

2 

The  major  contributors  to  R  were  the  average  temperature 
and  barometric  pressure  variables.  The  combined  contri¬ 
bution  of  these  two  variables  ranged  from  68  to  80  percent 
2 

of  the  total  R  (. 0117- . 0155)  with  an  average  contribu¬ 
tion  of  74  percent. 

2 

The  values  of  the  twelve  R  s  are  plotted  in  Figure 
2 

16.  The  range  of  R  was  from  .0117  in  the  twelfth  equa¬ 
tion  to  a  high  of  .0155  in  the  second  equation.  This  may 
be  interpreted  as  meaning  that  environmental  conditions 
at  the  time  of  failure  plus  average  temperature  conditions 
existing  prior  to  failure  explain  from  1.17  to  1.55  percent 
of  the  variance  in  TBSF. 


Failure  Group  One  vs.  Environmental  Group  C 

See  Appendix  A-3.  The  inverse  relationships  indi¬ 
cated  in  these  equations  were  between  TBSF  and  (1)  pres¬ 
sure  for  all  equations,  (2)  the  rate-of-temperature  change 
variable  for  equations  two  through  twelve,  and  (3)  humidity 
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Figure  16.  Failure  Group  One  vs.  Environmental  Group  B 
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for  equations  three  through  twelve,  and  (4)  wind  speed  for 

equations  nine  through  twelve.  With  the  exception  of 

equation  one,  the  average  rate-of-temperature  change  vari- 

2 

able  was  the  major  contributor  to  R  ;  the  contribution  for 

equations  two  through  twelve  ranged  from  58  to  85  percent, 

with  an  average  contribution  of  74  percent.  The  value  of 
2 

R  for  equations  one  through  twelve  is  plotted  on  the  graph 

2 

in  Figure  17.  The  value  of  R  ranged  from  .0065  in  equa¬ 
tion  one,  to  a  high  of  .0520  in  equation  twelve.  This 
may  be  interpreted  as  meaning  that  from  .65  to  5.2  percent 
of  the  variance  in  TBSF  is  explained  by  environmental  con¬ 
ditions  at  time  of  failure,  plus  the  average  rate-of- 
temperature  change  variable. 

Summary  of  Group  One  Analysis 

The  equations  in  this  group  indicated  an  inverse 

relationship  between  TBSF  for  all  NS-20  failures  and 

(1)  the  temperature  variables,  and  (2)  pressure.  In  all 

cases  the  temperature  variable  was  the  major  contributor 
2  2 

to  R  .  The  highest  R  value  (.0520)  obtained  in  this 
group  was  in  equation  twelve  where  group  one  failures  were 
regressed  against  environmental  Group  C. 

Analysis  of  Group  Two  Equations 
This  group  is  analyzed  as  indicated  in  Figure  18. 
The  first  equation  regresses  the  group  two  failures 
against  environmental  Group  A.  The  next  twelve  equations 
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INDEPENDENT  VARIABLES  (ENVIRONMENTAL  CONDI 


Figure  18.  Group  Two  Equations  vs.  Environmental  Groups  A,  B,  and 
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regress  group  two  failures  against  environmental  Group  B. 
The  last  72  equations  regress  Group  two  failures  against 
environmental  Group  C. 

Failure  Group  Two  vs.  Environmental  Group  A 

See  Appendix  B-l.  This  regression  indicated  an 
inverse  relationship  between  temperature  at  the  time  of 
failure  and  TBSF  of  DCU  malfunctions.  All  other  vari¬ 
ables  (wind  speed,  wind  direction,  and  humidity)  were  indi¬ 
cated  as  having  a  direct  relationship  with  the  TBSF  of 

.  2 

DCUs.  The  major  contributors  to  R  (.  2338)  were  wind 
speed  (.1063)  and  pressure  (.0993);  wind  direction,  humid¬ 
ity  and  temperature  contributed  .0248,  .0033  and  .0001 

2 

respectively.  The  total  R  value  was  .2338,  which  may 
be  interpreted  as  meaning  that  the  environmental  condi¬ 
tions  at  the  time  of  failure  explained  23.38  percent  of 
the  variance  in  TBSF  of  DCUs. 

Failure  Group  Two  vs.  Environmental  Group  B 

See  Appendix  B-2.  There  were  no  inverse  rela¬ 
tionships  in  this  group  of  equations;  all  variables  indi¬ 
cated  a  direct  relationship  with  TBSF  of  DCUs.  In  each 

equation,  wind  speed  and  barometric  pressure  were  major 

2 

contributors  to  R  .  Wind  speed  and  pressure  combined 

2 

accounted  for  83  to  84  percent  of  the  total  R  (.2155- 

2 

.2174  m  every  equation.  The  contributions  to  R  for  wind 
speed  (.1063),  barometric  pressure  (.0737),  wind  direction 
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(.0317)  and  humidity  (.0035)  remained  constant  throughout 

2 

all  twelve  equations.  The  variance  in  the  R  values 
plotted  in  Figure  19  was  due  to  the  variation  in  the  con¬ 
tribution  of  the  average  temperature  variable.  In  all 

twelve  equations,  the  average  temperature  variable  con- 

2  2 

tnbuted  the  least  to  the  R  value.  The  R  value  ranged 
from  .2155  in  equation  1,  2,  and  4,  to  a  high  of  .2174 
in  equation  5.  This  may  be  interpreted  as  meaning  that 
environmental  conditions  at  time  of  failure  plus  average 
temperature  conditions  prior  to  failure  explained  from 
21.55  to  21.74  percent  of  the  variance  in  TBSF  of  DCUs. 

Failure  Group  Two  vs.  Environmental  Group  C 

See  Appendix  B-3.  The  original  plan  for  this 
grouping  was  to  compute  twelve  equations.  However,  equa¬ 
tions  ten,  eleven,  and  twelve  seemed  to  indicate  that  an 
increasingly  significant  relationship  was  developing 
between  the  average  rate-of-temperature  change  variable 
and  TBSF  of  DCUs.  Therefore,  an  additional  twelve  equa¬ 
tions  were  computed  to  investigate  the  effect  of  the  rate- 
of-change  in  temperature  on  the  TBSF  up  to  twenty- four 
hours  preceding  the  time  of  failure.  However,  again  the 
last  equations  21,  22,  23,  and  24  indicated  that  a  rela¬ 
tionship  was  developing  between  the  average  rate-of- 
temperature  change  variable  and  TBSF.  Therefore,  another 
twelve  equations  were  computed,  and  again  the  last  equa¬ 
tions  33,  34,  35,  and  36  indicated  that  a  relationship  was 
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developing.  Therefore,  the  relationship  between  the  rate- 
c  £-to  nper ature  change  and  TBSF  was  computed  at  one  hour 

intervals  for  72  hours  prior  to  the  time  of  failure. 

2 

At  the  37  hour  point  the  R  value  fell  sharply  and 
remained  at  a  relatively  low  level  for  equations  37 
through  72.  See  Figure  20.  The  cycling  phenomena  remains 
a  mystery.  Since  the  peaks  of  the  cycles  fell  at  nearly 
twelve  hour  interval.-;  aid  were  fairly  sharply  defined, 
graphs  were  drawn  to  see  if  PCU  failures  were  related  to 
time  of  day  or  time  of  yc  a  .  :.o  obvious  relationship  was 

noted  through  an  inspection  of  these  graphs  depicted  in 
Figures  21  and  22.  A  regression  analysis  was  not  accom¬ 
plished  to  formally  determine  if  a  relationship  existed 
between  DCU  failures  and  the  time  of  day  or  the  time  of 
year  because  the  inspection  of  Figures  21  and  22  indicates 
no  obvious  relationship  exists. 

The  equations  indicated  that  an  inverse  relation¬ 
ship  existed  between  the  rate-of-temperature  change  vari¬ 
able  and  the  TBSF  of  DCUs.  All  equations,  except  26, 

58,  59,  and  60,  indicated  that  an  inverse  relationship 
existed  between  humidity  and  TBSF.  The  equations  indicated 
the  other  variables  (pressure,  wind  speed,  and  wind  direc¬ 
tion)  had  a  direct  relationship  with  TBSF.  The  major  con- 
2 

tributor  to  R  depended  upon  the  time  period  involved. 

2 

Figure  23  indicates  what  percentage  of  R  was  attributable 
to  the  rate-of-temperature  change  variable.  The  time 


Figure  20.  Failure  Group  Two  vs.  Environmental  Group  C 
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Figure  21.  Tire  of  Day  vs.  DC'J  Failure 
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periods  where  the  rate-of -change  variable  contributed  the 
2 

most  to  R  were  very  clearly  defined. 

When  the  rate-of-temperature  change  variable 

2 

become  the  major  contributor  to  R  ,  humidity  normally 

became  the  second  major  contributor.  During  the  time 

periods  when  the  rate-of-temperature  change  variable  was 

not  a  major  contributor,  wind  speed  and  pressure  contri- 

2 

buted  the  most  to  R  . 

2 

The  maximum  R  values  for  the  three  cycles  noted 

in  Figures  20  and  23  (pages  71  and  74  respectively), 

occurred  at  14,  22,  and  35  hours  prior  to  the  time  of 

2 

failure.  The  R  values  for  these  periods  were  .3607, 

.3741  and  .3738  respectively.  In  each  case  the  average 

rate-of-temperature  change  variable  and  humidity  at  the 

2 

time  of  failure  were  the  major  contributors  to  the  R 

value.  Average  rate-of-temperature  change  combined  with 

humidity  amounted  to  78,  77,  and  85  percent  respectively 

of  the  total  R^  values  of  .3607,  .3741,  and  .3738.  The 

contribution  of  the  average  rate-of-temperature  change 

variable  alone  equaled  42,  45,  and  50  percent  respectively 
2 

of  the  total  R  value. 

2 

Since  the  total  R  value  in  equation  35  equaled 
.3738,  it  may  be  interpreted  as  meaning  that  the  average 
rate-of-temperature  change  variable  (computed  at  35  hours 
prior  to  failure) ,  plus  environmental  conditions  at  time 
of  failure,  explained  37,38  percent  of  the  variance  in 
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TBSF  of  DCUs.  The  TBSF  for  DCUs  displayed  more  sensi¬ 
tivity  to  the  average  rate-of-temperature  change  variable 
and  environmental  conditions  at  time  of  failure  than  any 
other  group  analyzed. 

Summary  of  Group  Two  Analysis 

This  group  consistently  indicated  a  greater  sensi¬ 
tivity  to  external  environmental  conditions  than  any  other 
group.  When  regressed  against  environmental  Groups  A  and 
C,  an  inverse  relationship  was  indicated  between  the 
temperature  variable  and  TBSF.  Wind  speed  anl  pressure 
were  major  contributors  in  all  equations  except  where 

temperature  variable  T3  was  dominant  in  the  regression 

2 

against  environmental  Group  C.  The  highest  R  value 
(.3741)  was  obtained  during  the  Group  two  versus  environ¬ 
mental  Group  C  regression  in  equation  22. 

Analysis  of  Group  Three  Equations 
This  group  is  analyzed  as  indicated  in  Figure  24. 
The  first  equation  regresses  the  group  three  failures 
against  environmental  Group  A.  The  next  twelve  equations 
regress  group  three  failures  against  environmental  Group  B. 
The  last  36  equations  regress  group  three  failures  against 
environmental  Group  C. 

Failure  Group  Three  vs,  Environmental  Group  A 

See  Appendix  C-l.  This  regression  indicated  an 


inverse  relationship  between  temperature/pressure  at  time 
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of  failure  and  TBSF  due  to  PIGA  malfunctions.  The  other 
variables  (wind  speed,  wind  direction  and  humidity)  indi¬ 
cated  a  direct  relationship  with  the  TBSF  of  PIGAs.  The 

2 

major  contributors  to  R  (.0485)  were  humidity  (.0315), 

and  temperature  (.0138);  pressure,  wind  direction  and  wind 

speed  contributed  .0032,  .0000,  and  .0000  respectively. 

2 

The  total  R  value  was  fairly  low  .0485,  which  may  be 
interpreted  as  meaning  that  environmental  conditions  at 
time  of  failure  explained  4.85  percent  of  the  variance  in 
the  TBSF. 

Failure  Group  Three  vs.  Environmental  Group  B 

See  Appendix  C-2.  All  twelve  regression  equations 
in  this  grouping  indicated  an  inverse  relationship  between 
the  TBSF  due  to  PIGA  malfunctions  and  wind  speed,  barometric 
pressure  and  the  average  temperature  variable.  An  inverse 
relationship  was  indicated  between  TBSF  and  wind  direction 
for  the  first  six  equations.  The  last  six  equations  indi¬ 
cated  a  direct  relationship  between  TBSF  and  wind  direc¬ 
tion.  All  equations  indicated  a  direct  relationship 

2 

between  humidity  and  TBSF.  The  major  contributors  to  R 

were  the  average  temperature  variable,  pressure  and 

humidity.  The  combined  contribution  of  these  three  vari- 

2 

ables  accounted  for  more  than  99  percent  of  R  ( . 0777-. 0951) 

in  all  twelve  equations. 

2 

Total  R  values  are  plotted  on  the  graph  m  Figure 
2 

25.  The  values  of  R  ranged  from  .0777  in  equation  eight 
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to  a  high  of  . 0951  in  equation  two.  This  may  be  inter¬ 
preted  as  meaning  that  from  7.77  to  9.51  percent  of  the 
variance  in  TBSF  of  PIGAs  is  explained  by  environmental 
conditions  at  time  of  failure,  plus  the  average  tempera¬ 
ture  variable. 

Failure  Group  Three  vs.  Environmental  Group  C 

See  Appendix  C-3.  The  original  plan  for  this 
grouping  was  to  compute  twelve  equations.  However,  equa¬ 
tions  nine,  ten,  eleven,  and  twelve  indicated  that  a  rela¬ 
tionship  was  developing  between  TBSF  and  the  average  rate- 
of-temperature  change  variable.  Of  further  interest  was 

the  fact  that  the  average  rate-of-temperature  change  vari- 

2 

able  contributed  from  88  to  94  percent  of  the  R  value  in 
equations  nine,  ten,  eleven,  and  twelve.  Based  on  experi¬ 
ence  with  the  DCU  failure  rate  analysis,  an  additional 
twenty-four  equations  were  computed  to  determine  if  the 
relationship  would  continue  to  develop. 

All  of  the  equations  indicated  that  an  inverse 
relationship  existed  between  TBSF  and  (1)  the  average  rate- 
of-temperature  change  variable,  (2)  barometric  pressure, 
and  (3)  wind  speed  (except  equation  thirteen).  An 
inverse  relationship  was  indicated  between  TBSF  and  wind 
direction  in  equations  three,  four,  and  twenty- four.  All 
equations  indicated  a  direct  relationship  between  TBSF 
and  humidity. 
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The  average  rate-of-temperature  change  variable 

2 

was  the  major  contributor  to  R  in  equations  three  through 

twenty-four.  In  equation  three  it  contributed  56  percent 
2 

of  the  total  R  value.  In  equations  four  through  twenty- 

four,  the  average  rate-of-temperature  change  variable  con- 
2 

tribution  to  R  ranged  from  7  6  to  94  percent,  with  an 

average  contribution  of  85  percent.  In  equation  one,  two, 

and  twenty-five  through  thirty-six,  humidity  was  the  major 

2 

contributor  to  R  .  The  contribution  ranged  from  53  to  97 

percent  with  an  average  contribution  of  88  percent.  The 

2 

most  significant  R  values  occurred  in  equations  twelve 

(.1610)  and  seventeen  through  twenty-two  (.1414,  .1500, 

.1554,  .1584,  .1358,  and  .1342,  respectively).  After 

2 

equation  twenty-two,  the  R  value  dropped  very  sharply  to 

a  value  of  .0336  in  equation  twenty-five.  See  Figure  26. 

2 

The  value  of  R  remained  at  approximately  the  .0336  level 

2 

through  equation  thirty-six.  The  total  R  values  are 

plotted  on  the  graph  in  Figure  26.  It  was  interesting 

that  environmental  conditions  at  the  time  of  failure  con- 

2 

tributed  very  little  to  R  m  this  group  of  equations. 

2 

Since  the  R  value  of  the  average  rate-of-tempera¬ 
ture  change  variable  equaled  .1518  in  equation  twelve,  it 
may  be  interpreted  as  meaning  that  the  average  rate-of- 
temperature  change  variable  (when  computed  at  twelve  hours 
prior  to  failure)  explained  15.18  percent  of  the  variance 
in  TBSF  of  PIGAs. 
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Summary  of  Group  Three  Analysis 

The  TBSF  for  this  group  displayed  little  sensi¬ 
tivity  to  external  environmental  conditions  with  the 
exception  of  the  T3  variable.  Temperature/  pressure  and 
wind  speed  were  generally  indicated  as  having  an  inverse 
relationship  with  TBSF.  With  the  exception  of  the  Group 
three  versus  environmental  Group  A  regression,  the 

2 

temperature  variable  was  the  major  contributor  to  R  .  The 
2 

highest  R  (.1610)  value  was  obtained  in  equation  twelve 
during  the  regression  against  environmental  Group  C. 

Testing  of  Hypothesis 

Introduction 

The  researchers  desired  a  conservative  approach  to 
testing  for  support  of  the  research  hypothesis.  Defining 
the  data  as  being  derived  from  a  representative  sample  of 
a  process  population  would  have  been  tenuous.  Therefore, 
the  data,  by  definition,  was  a  census  of  a  small  informa¬ 
tion  finite  population.  As  such,  a  statistical  test  was 
considered  inappropriate  as  the  first  step  in  research 
hypothesis  testing  because  conducting  a  statistical  test  on 
a  population  census  and/or  non-representative  sample  of 
an  ill  defined  population,  would  violate  the  assumptions 
underlying  the  appropriate  use  of  such  tests.  Those 
readers  willing  to  assume  the  data  was  collected  from  a 
representative  sample  of  an  indeterminate  population  may 
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refer  to  Appendices  A,  B,  and  C  for  the  results  of  sta¬ 
tistical  testing. 

Construction  of  Decision  Rule 

To  construct  a  decision  rule  it  was  necessary  to 

present  the  results  of  the  data  analysis  in  Chapter  IV  to 

several  individuals  familiar  with  statistical  methods  and 

the  NS-20  guidance  system.  Each  individual  was  asked  to 

2 

specify  a  level  of  R  at  which  he  would  consider  the 
results  of  the  study  to  be  of  practical  significance  in 
terms  of  decision  making  and  potential  follow-up  studies. 
Only  personnel  within  the  School  of  Systems  and  Logistics 
had  access  to  the  total  study.  Personnel  outside  the  school 
gave  their  opinions  based  on  an  oral  description  of  the 
research  design  and  data  analysis.  The  following  para¬ 
graphs  are  brief  summaries  of  interviews  conducted  by  the 
authors. 

Captain  Steven  Henderson,  Quantitative  Studies 

Department,  School  of  Systems  and  Logistics.  Captain 

Henderson  believed  that  since  the  NS-20  is  environmentally 

protected  within  the  Minuteman  silo,  there  should  be  no 

relationship  between  NS-20  failure  rates  and  external 

environmental  conditions.  Therefore,  in  his  opinion,  any 
2 

value  of  R  above  zero  would  warrant  further  study  (17). 

Lieutenant  Colonel  Joseph  Boyett,  Management 
Studies  Department,  School  of  Systems  and  Logistics.  In 
Lieutenant  Colonel  Boyett' s  experience  with  multiple 
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regression,  almost  any  combination  of  variables  would  pro- 

2 

duce  some  value  of  R  .  Under  the  circumstances  of  this 

2 

study,  it  was  his  opinion  that  any  value  of  R  above  .15 

would  warrant  further  study  (10) . 

Mr.  Robert  Wallen,  MER  Ogden  Air  Logistics  Center. 

2 

Mr.  Wallen  believed  that  an  R  value  of  .15  or  higher 

2 

should  be  considered  significant.  However,  the  R  value 
would  have  to  range  from  .3  to  .4  before  the  results  could 
be  considered  of  practical  significance  and  warrant  further 
study  (27). 

Mr.  Russell  Genet,  AGMC.  Mr.  Genet  believed  any 

2 

variable  would  produce  an  R  of  some  value.  Considering 

the  circumstances  surrounding  Minuteman  NS-20  failures,  it 

2 

was  his  opinion  that  an  R  value  of  .35  would  be  considered 
of  practical  significance  and  the  results  would  warrant 
further  study  (13). 

Decision  Rule 

Based  on  the  background  and  experience  of  the  above 

individuals,  the  most  conservative  estimates  were  selected 

2 

as  a  basis  for  the  decision  rule.  Therefore,  any  R  value 
that  exceeded  .35  was  considered  as  being  of  practical 
significance.  However,  the  reader  should  apply  his  own 
judgement  in  analyzing  the  results. 
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Testing  of  Hypothesis 

The  research  hypothesis  stated  that  a  relationship 
existed  between  the  TBSF  of  NS-20s  and  external  environ¬ 
mental  conditions.  The  search  for  a  relationship  con¬ 
sisted  of  the  computation  of  159  regression  equations. 

These  equations  were  the  results  of  a  regression  analysis 
of  the  failure  groups  and  environmental  groups  listed  in 
Figure  27.  Based  on  the  decision  rule  established  (Figure 

27 ),  the  only  multiple  regression  equations  that  produced 
2 

R  values  of  practical  significance  were  those  where  group 

two  failures  were  regressed  against  environmental  Group  C. 

However,  out  of  the  72  equations  that  were  computed  in 

regressing  group  two  failures  against  environmental  Group 

2 

C,  only  eleven  produced  a  significant- R  value.  The  vari¬ 
ables  that  were  contained  in  the  eleven  equations  are  listed 

2 

in  Figure  28.  The  contribution  to  R  of  each  variable  is 
in  parenthesis.  The  equations  are  listed  in  Appendix  B-3. 

The  research  hypothesis  that  a  relationship  exists 
between  the  TBSF  of  NS-20s  and  external  environmental  con¬ 
ditions  is  supported.  However,  it  is  supported  for  only 
very  limited  combinations  of  independent  variables,  that 
include  the  variable  "average  rate-of-temperature  change." 
Without  the  stepwise  regression  of  other  independent  vari¬ 
ables  of  wind  speed,  wind  direction,  pressure  and  humidity, 

the  average  rate-of-temperature  change  variable  contributed 

2 

an  average  of  approximately  52  percent  to  the  total  R  . 
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Figure  27.  Summary  of  Multiple  Regression  Equations 
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Humidity  contributed  an  average  of  33  percent.  Due  to 

the  relationship  between  humidity  and  temperature  (see 

Chapter  III#  "Environmental  Variables"),  there  was  concern 

that  the  relationship  might  be  responsible  for  the  large 

2 

contribution  to  R  by  humidity  and  the  rate-of-temperature 

change  variables.  However,  inspection  of  the  data  failed 

to  reveal  any  obvious  interaction  between  humidity  and  the 

rate-of-temperature  change  during  the  periods  when 

2 

practically  significant  R  values  were  achieved.  The 
inspection  consisted  of  a  search  for  patterns  in  the  corre¬ 
lation  between  humidity  and  the  rate-of-temperature  change; 
for  evidence  of  multicol 1 inearity  between  the  two  vari¬ 
ables;  and  for  variations  in  the  mean  and  standard  devia¬ 
tion  of  each  average  rate-of-temperature  change  variable. 
Although  no  relationships  were  obvious  through  inspection, 
it  should  not  be  concluded  they  do  not  exist.  The  rela¬ 
tionship  between  the  variables  may  be  so  complex  that  the 
only  means  of  identifying  them  may  be  through  the  use  of 
multiple  regression  or  other  mathematical  techniques. 

Since  the  stepwise  addition  of  the  independent 
variables  may  have  created  some  association  by  chance, 
the  findings  of  limited  support  should  be  accepted  with 
caution.  In  general,  the  analysis  indicated  a  lack  of 
support  in  terms  of  practical  significance  except  under 
some  very  limited  conditions  for  DCU  failures. 
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Overview 

Chapter  V  contains  conclusions,  recommendations 
and  a  brief  critique  of  this  study. 


i 


CHAPTER  V 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  purpose  of  this  study  was  to  determine  if  a 
relationship  existed  between  external  environmental  con¬ 
ditions  and  the  TBSF  of  NS-20s  at  Grand  Forks  AFB,  North 
Dakota.  The  study  of  environmental  conditions  versus 
NS-20  failures  evolved  as  the  result  of  the  opinions  of 
various  maintenance  and  depot  personnel  that  there  seemed 
to  be  more  NS-20  failures  at  certain  times  of  the  year. 

The  preponderance  of  opinion  was  that  the  number  of 
failures  increased  during  spring  and  fall  months.  Several 
informal,  undocumented  studies  had  been  conducted  to  deter¬ 
mine  if  a  relationship  existed  between  the  seasons  of  the 
year  and  failures  of  Minuteman  guidance  systems.  None  of 
the  studies  found  a  relationship. 

If  a  seasonal  variation  in  NS-20  failures  existed, 
then  it  was  possibly  duo  to  changes  in  external  environ¬ 
mental  conditions.  Therefore  this  study  was  an  attempt  to 
determine  if  a  relationship  existed  between  the  environ¬ 
mental  conditions  of  temperature,  wind  speed,  wind  direc¬ 
tion,  humidity,  barometric  pressure  and  the  failures  of 
NS-20s.  If  a  relationship  between  one  or  a  combination 
of  these  environmental  factors  and  NS-20  failures  could  be 
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found#  it  would  be  more  meaningful  than  finding  a  rela¬ 
tionship  between  the  seasons  and  NS-20  failures.  It  was 
not  the  purpose  of  this  study  to  determine  why  any  par¬ 
ticular  relationship  existed#  but  to  simply  determine  if 
a  relationship  did  exist.  Therefore#  the  general  approach 
was  to  conduct  a  search  for  a  relationship  through  the 
use  of  multiple  regression  analysis.  The  search  included 
examining  both  environmental  conditions  at  the  time  of 
failure  and  prior  to  failure  for  all  NS-20  failures  and 
for  specific  NS-20  failure  modes#  i.e.#  DCU  and  PIGA 
malfunctions.  The  following  paragraphs  contain  the  con¬ 
clusions  and  recommendations  as  a  result  of  this  study. 

Conclusions 

Under  the  criteria  rule  established  in  Chapter  IV# 
the  following  conclusions  are  drawn  from  this  study. 

No  relationship  of  practical  importance  existed 
between  the  TBSF  of  all  NS-20  failures#  non-stratified 
population#  and  any  one  or  a  combination  of  the  following: 
(1)  environmental  conditions  of  temperature#  wind  speed# 
wind  direction#  humidity#  and  barometric  pressure  existing 
at  the  time  of  failure;  (2)  the  average  temperature  con¬ 
ditions  existing  up  to  seventy-two  hours  prior  to  time  of 
failure;  and  (3)  the  average  rate-of-temperature  change 
conditions  existing  up  to  twelve  hours  prior  to  time  of 
failure. 


No  relationship  of  practical  importance  existed 
between  the  TBSF  of  NS>20s  due  to  the  stratum  of  PIGA 
malfunctions  and  any  one  or  a  combination  of  the  follow¬ 
ing:  (1)  the  environmental  conditions  of  temperature, 

wind  speed,  wind  direction,  humidity  and  barometric 
pressure  existing  at  the  time  of  failure;  (2)  the  average 
temperature  conditions  existing  up  to  seventy-two  hours 
prior  to  time  of  failure;  and  (3)  the  average  rate-of- 
temperature  change  conditions  existing  up  to  thirty-six 
hours  prior  to  the  time  of  failure. 

No  relationship  of  practical  importance  existed 
between  the  TBSF  of  NS-20s  due  to  the  stratum  of  DCU 
malfunctions  and  any  one  or  a  combination  of  the  follow¬ 
ing:  (1)  the  environmental  conditions  of  temperature, 

wind  speed,  wind  direction,  humidity  and  barometric 
pressure;  and  (2)  the  average  temperature  conditions 
existing  for  up  to  seventy-two  hours  prior  to  the  time 
of  failure. 

A  relationship  of  practical  importance  did  exist 
between  the  TBSF  of  NS-2Gs  due  to  the  stratum  of  DCU 
malfunctions  and  a  combination  of  environmental  condi¬ 
tions  existing  at  the  time  of  failure;  i.e.,  wind  speed, 
wind  direction,  humidity,  and  barometric  pressure,  and 
the  average  rate-of-temperature  change  existing  prior  to 
failure.  The  specific  combination  is  listed  in  Figure  28 
on  page  88. 
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The  research  hypothesis  was  supported.  A  rela¬ 
tionship  did  exist  between  external  environmental  con¬ 
ditions  and  the  NS-20  failure  rate  for  DCU  malfunctions. 
However,  the  relationship  was  for  a  very  limited  combina¬ 
tion  of  environmental  variables  and  DCU  failures.  Since 
DCU  failures  were  the  only  category  of  NS-20  failures 
that  indicated  a  significant  sensitivity  to  environmental 
conditions,  the  possibility  that  their  failure  was  related 
to  the  seasons  of  the  year  was  examined.  An  inspection 
of  Figure  22  on  page  73,  revealed  that  no  obvious  relation¬ 
ship  existed  between  DCU-induced  NS-20  failures  and  the 
seasons  of  the  year. 


Recommendations 

One  of  the  problems  in  using  multiple  regression 
analysis  is  knowing  where  to  start.  There  seems  to  be  no 
limit  to  the  numbers,  types,  and  combinations  of  variables 
that  can  be  entered  into  the  regression.  Also,  once  the 
results  of  the  regression  equation  are  obtained,  it  can  be 
very  difficult  to  interpret  their  meaning  or  to  determine 
precisely  what  the  equation  is  measuring.  This  study 
should  be  considered  as  a  preliminary  and  incomplete  survey 
of  the  subject.  If  time  permitted,  or  if  this  study  could 
be  replicated,  the  following  changes  should  be  made: 

(1)  select  a  longer  time  period  for  analysis,  i.e.,  three 
to  four  years  so  as  to  permit  a  time  series  analysis  and 
provide  a  larger  data  base;  (2)  use  a  different  combination 
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of  variables  in  the  regression  equations;  that  is,  combine 
all  of  the  average  rate-of-temperature  change  variables 
into  one  equation,  rather  than  consider  each  one  in  a 
separate  equation;  (3)  possibly  re-define  the  average 
rate-of-temperature  change  variable  and  establish  it  as 
the  total  rate-of-temperature  change  variable  and  thus 
regress  the  total  change  in  temperature  change  for  the 
time  periods  used  in  this  study  against  the  TBSF;  (4)  con¬ 
duct  additional  regressions,  i.e.,  regress  the  failure 
rate  against  the  time  of  day  and  the  time  of  year;  and 
(5)  control  the  order  in  which  the  variables  are  con¬ 
sidered  in  the  regression  equation  rather  than  allowing 

the  BMD02R  program  to  establish  the  sequence  by  selecting 

2 

the  variables  that  contribute  the  most  to  R  .  When  the 
researchers  control  the  sequence  in  which  independent  vari¬ 
ables  are  entered  into  the  regression  equation,  a  more 
precise  analysis  of  the  contribution  of  each  variable  is 
possible. 

Therefore,  additional  studies  conducted  to  more 
precisely  define  the  relationships  found  in  this  study 
are  recommended.  If  such  relationships  exist  by  trend, 
then  additional  studies  should  be  conducted  to  determine 
why  the  relationships  exist.  Regression  analysis  pro¬ 
vides  a  mathematical  relationship.  With  enough  equations 
and  variables,  by  chance  alone,  some  relationships  may 
occur.  However,  these  mathematical  models  should  not 
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be  interpreted  as  cause  and  effect  relationships  between 
dependent  and  independent  variables. 

The  regression  analysis  indicated  a  possible  rela¬ 
tionship  of  practical  significance  associated  with  rate-of- 
ternperature  change  and  humidity.  An  inspection  of  the  data 
was  conducted  to  determine  if  a  reasonable  inference  could 
be  rendered  about  a  possible  cause  and  effect  relationship. 
The  inspection  revealed  that  no  obvious  relationship  exists. 
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APPENDICES 

The  appendices  contain  summaries  of  the  159 
multiple  regression  equations.  They  also  contain  the  com¬ 
puted  programs  to  convert  the  raw  data  to  usable  form. 
Appendix  A  contains  the  equations  from  regressing  the  TBSP 
of  failure  group  one  against  environmental  groups  A,  B,  and 
C.  Appendix  B  contains  the  equations  from  regressing  the 
TBSF  of  failure  group  three  against  environmental  groups 
A,  B,  and  C.  Appendix  D  contains  the  computer  programs  to 
convert  the  raw  data  into  usable  form. 

For  readers  who  wish  to  consider  this  study  as 
a  representative  sample  of  a  process  population,  F-distribu- 
tion  values  for  given  alpha  levels  (statistical  signifi¬ 
cance)  are  included  in  Figure  29.  The  values  in  Figure  29 
correspond  to  the  appropriate  upper  and  lower  degrees  of 
freedom  of  the  equations  included  in  each  appendix.  The 

terms  SS  and  PS  will  be  found  next  to  the  "F  Ratio"  on 

2 

some  equations.  SS  means  the  R  was  statistically  signifi- 

2 

cant  at  the  .05  level  of  confidence.  PS  means  the  R  was 

2 

of  practical  significance;  i.e.,  R  =  .35  and  above.  If 
no  symbol  is  present,  the  equation  was  not  significant  in 
either  a  statistical  or  practical  sense.  A  detailed 
description  of  the  BMD02R  output  is  given  in  Chapter  IV. 

Preceling  page  Hank 
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F-VALUES 

FOR  APPENDIX  A 

ALPHA 

LEVEL 

CONFIDENCE 

LEVEL 

F-RATIO 

DF*  c  5/153 

F  TO  REMOVE 
DF  =  1/153 

.10 

.05 

.025 

.01 

90 

95 

97.5 

99 

1.85 

2.21 

2.57 

3.02 

2.71 

3.84 

5.02 

6.63 

F-VALUES 

FOR  APPENDIX  B 

.10 

.05 

.025 

.01 

.  90 

95 

97.5 

99 

DF  =  5/25 

2.09 

2.60 

3.13 

3.85 

DF  =  1/25 

2.92 

4.24 

5.69 

7.77 

F-VALUES 

FOR  APPENDIX  C 

.10 

.05 

.025 

.01 

90 

95 

97.5 

99 

DF  =  5/71 

1.94 

2.36 

2.78 

3.33 

DF  =  1/71 

2.78 

3.99 

5.29 

7.07 

♦Degrees  of  freedom:  upper  =  5;  lower  -  153 

Fiaure  29.  F-Distribution  Values  for  Appendices 
y  A,  B,  and  C 


'*«*  t<#T' 


"Wtw 


APPENDIX  A 

FAILURE  GROUP  ONE  (ALL  NS-20  FAILURES) 

VERSUS  ENVIRONMENTAL  GROUPS  A,  B,  AND  C 

This  appendix  is  divided  into  three  sub-appendices. 
Appendices  A-l,  A- 2,  and  A- 3  contain  respectively  the 
equations  that  resulted  from  regressing  the  TBSF  of  all 
NS-20  failures  against  environmental  groups  A,  B,  and  C. 

The  appropriated  F-distribution  values  for  each  sub-appendix 
are  listed  in  Figure  29  on  page  99. 
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APPENDIX  A-l 

FAILURE  GROUP  ONE  (ALL  NS-20  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  A 


PF 

5 

153 


VARIABLE 


F  RATIO 
0.421 

VARIABLES  1M  EQUATION 
COEFFICIENT  5»TU.  F.  N  R  0  R 


TO  REMOVE 


( CONSTANT 

temp  2 
WU  3 
WS  4 
P  PL  S  5 
HUH  6 


95. 23852  ) 
•0.21627 
0.02223 
0  •  4  to  0  5  5 
-1.43679 
0.04109 


0 . 23RB3 
0.039/5 
0 . 4  »  2  6  3 
24.34966 
0  •  3  3  B  7  9 


U  .  to  2  O  0  (  3  ) 

U.3127  (3) 
0.3297  (3) 

0  *  0035  (  3  ) 
0.0177  (3) 


VAR  I  ABLE 

ENTERED  REMOVED 

TEMP  2 
US  4 
WO  3 

H  II  "I  6 

PRES  5 


MULT  I PLk 


R 

RSU 

0.0919 

0.0  0  65 

0  *  1  0  6  4 

0 .0113 

0 . 1 1  5  5 

0.0134 

0.1164 

b  •  o  i  <>  *> 

0.1165 

0 .0136 
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APPENDIX  A-2 

FAILURE  GROUP  ONE  {ALL  NS-20  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  B 
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***  *•«**«»  Vm« 


r  RATIO 
0.477 


VARIABLES  |N  E  Uli  A  T  |  ON 


V  A  K  I  Art  Lfc 


COEF F | C 1 E  N  T  STU.  ERROR  F  10  REMOVE 


(  o  U  N  G  T  A  N  T 


i'  ;<  •  t; 
HUM 
!  2  6 


671.32090  ) 

0  .  II  l  9  0  o 
0  .  ( V  >  d  f, 

-  1  7  .  i;  V  I  f.  3 

-  a .  oil v i 

•  0 . 2  i  6  3  9 


V  A  K  I  A  It  L  £ 

RE  J  REMOVED 


H . 0 39  7  9 
0  .  *  >  i  4  8 
2  4  .  1  0  A  ft  5 
0 . ? 9974 
3 . 2383  A 

MUL  T I  RLE 


(1.244  7  (A) 
0  .  1 7  o  6  (  .5 ) 
U. 49<J4  (A) 
3 . 0  4  1  5  (  A  ) 
1.4460  (A) 


T?8 
P  R  E  S 


0 . Ort Jo 
0,1105 
0 .  11  0  > 
0  •  1  2  A  n 
0 . 1 «!  A  i, 


U  .  01)69 
0  •  U  1  2  2 
0  .U141 
0  .  01  VA 
ll  .  U  l  V  3 


f  ha r i o 
3 . 481 


V  A  K  I  A  d  L  fc 


V  A  .<  I  A  ii  L  £  S  IN  EQUATION 
COEFFICIENT  STU.  ERROR  F  TO  REMOVE 


(CONSTANT 
n0  2 
KS  3 
FWLS  4 
MUM  5 
T  2  1  2  7 


5u6, 82722  ) 
0.02113 
0 . 34  932 
•16.9(1694 
0.02278 
-0 ,2yi09 


variable 

h  N  T I-.  R  L  U  REMOVED 


0 . 03964 
0  •  8  ?  ?  6  3 
24. 0u448 
0.29060 
0.24018 

MULTIPLE 


U.2011  (3) 
0.1669  (3) 
U  »  4903  (A) 
0.0061  (3) 
1.4689  (3) 


T  2  1  2  7 

PRES  4 
W  .I  2 
US  3 
6 


0.0814 
0.1108 
0.  1200 
0.1243 
0.1244 


0.0066 

0,0123 

0.0144 

0.0164 

O.UISS 


of 

5 

153 


r  RATIO 
0.461 


3 


VARIABLES 

IN  EQUATION 

VARIABLE 

COEFFICIENT 

STU.  ERROR  F  TO  REHOVfc 

(CONSTANT 

544.74858 

) 

WU 

2 

0.02230 

0.03957 

0.3175 

(3) 

U  S 

3 

0.33495 

0.85399 

0.1557 

(3  ) 

PRES 

4 

•16.2/6/0 

24.00797 

0.4596 

(3) 

HUM 

5 

0.03221 

0 . 2  09  32 

0.0124 

(3) 

T  2  1  8 

8 

•  0‘.  2(1 9  5  3 

0.24749 

1.3686 

(3) 

VARIABLE 

MULTIPLE 

c  N  Tfc  R  t  D  R  t  M  0  V  E  U 

K 

ft  $U 

T21h 

4 

0 

.  0  784 

(1.0061 

PRES 

4 

0 

.10/2 

0.0115 

Rli 

2 

0 

.1176 

0.0138 

W  5 

3 

0 

.1215 

0.0148 

HUM 

5 

0 

•  1214 

0.0148 

uF 

F  RATIO 

4 

5 

0.442 

153 

VARIAHLES  IN  EQUATION 

VARI ABLE 

COEFFICIENT  STU.  ERROR 

F  TO  REMOVE 

(CONSTANT 

519,33992  > 

WD 

2 

0  . 11  2  2  3 1 

0 .03959 

0.3176 

(  3  ) 

US 

3 

0,33772 

0.85447 

0.1562 

(3) 

PRES 

4 

•15.43065 

23. B6801 

0 .4180 

(3  ) 

HUM 

5 

0.02923 

0.29076 

0.0101 

(3) 

1224 

9 

-0.28309 

0 .25068 

1.2753 

(3) 

variable 

ENTERED  REMOVED 

MULTIPLE 

R 

RSQ 

T  2  2  4 

9 

0,0770 

0.0059 

PRES 

4 

0.1U43 

0.0109 

Mu 

2 

0.1150 

0.0132 

US 

3 

0.1191 

0.0142 

HUM 

5 

0.1194 

0.0142 
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ur  F  RATIO  5 

b  0.403 

1*3 

variables  in  equation 

VARIABLE  COEFFICIENT  STL).  ERROR  F  TO  REMOVE 


<  C  0  N 5  T  A  N  T 
WD  2 
«5  3 

PRES  4 
HUM  5 
T  ?  3  0  10 


4/4.6 7377  ) 
0.02273 
0.33890 
-13.99611 
U  .  P  3  6  5  (l 
•0.25832 


0 .03961 
0  .  8  ‘j  b  6  3 
23. 7 v 602 
0 . 2*065 
0.24840 


0.3294  (3) 
0.1569  (3) 
0.3471  (3) 
O.U157  (3) 
1.0614  (3) 


VARIABLE  mul  ii  rll 

F  N  T »  RED  REMOVED  «  HSU 


123  0  10 
p  r  r.  s  4 

U|l  2 

4  b  3 

HUH  5 


0.071V 
0  .  »  V  7  b 
0  .  1 1)  V  •> 
0  .  11  3  o 
O.lMo 


0 •  0  052 
U . U  0 V6 
0 . 0 1 20 
U . U  12 V 
0  .  0  1  J  0 


UF  F  RATIO  6 

5  0.368 

153 

VARIABLES  IN  EUUaTIGN 

variable  cohffic ient  std.  error  y  to  remove 


(CONSTANT  450.24450  ) 

.P  2  0.02336  It  .  (J  ,J ') 5  8 

h  S  3  0 . 3  3  3  3 1  0  ,  H  5  6 1)  3 

p  If  I  f.  4  -13.2277/  2  J  .  »>  <J  3  /  0 

HUM  5  0  .  0  46  011  0.2*923 

1236  11  -0.24659  0.24565 


VARIABLE 

entered  REMOVED 


MUL1 I PLk 
R  RSQ 


ii  .  3  4  B  3  (  3  ) 
0.1513  <  A ) 
ii  .  3  l  3  «  ( .>  ) 
0.0253  ( d  ) 
1 . 0060  ( 3 ) 


T  2  3  6  11  0  .  0696  0  .U048 

PRES  4  0.0V47  U.OQVO 

MU  2  0.1073  0.0115 

US  3  0.1112  0.0124 

HUM  5  0.111V  0.0125 


WPW  I  — I 
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nr 

5 

153 


VARIABLE 


r  RATIO 
0.417 


VARIABLES  IN  EQUATION 
COEFFICIENT  STD,  ERROR  F  TO  REMOVE 
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(CONSTANT 


472.18948  ) 


w0 

2 

0 .02389 

0 .03952 

W$ 

3 

0 .31689 

0.85751 

PRES 

4 

13.92327 

23.48929 

HUM 

5 

0 .04255 

0.28876 

T242 

6 

-0.26348 

0.24561 

VARIABLE 

MULTIPLE 

FNTEREQ  REMOVED 

R 

RSU 

T  2  4  2 

6 

0. 

0743  0.0055 

PRES 

4 

0. 

0995  0.U099 

A  U 

2 

0. 

U20  0.0125 

US 

3 

0. 

1154  0 . U 1 S 3 

HUH 

6 

0  . 

l)6i'  0  .  U  1  3  4 

11.3652  (3) 
0.1366  (3) 
0.3514  (3) 
It .  0217  (3) 
1.1506  (3) 


OF 

5 

153 


F  RATIO 
0.416 


VARI  ABLE 


MULTIPLE 


ENTERED  REMOVEO 

R 

RSO 

T248 

7 

0.0746 

0 .0  056 

PRES 

.4 

0.0991 

0.0096 

U0 

2 

0.1119 

0.0125 

us 

3 

0.1153 

0.0133 

HUM 

5 

0.1159 

0.0134 

VARIABLES  |N 

EQUATION 

i 

VARIABLE 

COEFFICIENT 

STU.  ERROP 

F  TO  REMOVE 

i 

i 

(CONSTANT 

461.74673  ) 

i 

| 

WD  2 

0.02418 

0 .03950 

0.3748 

(3) 

US  3 

0.31556 

0  .  B5770 

0.1354 

(3) 

PRES  4 

-13.57374 

23.32363 

0.3387 

(3) 

\ 

MUM  5 

0.03969 

0 . 2  4  »  4  4 

0.0188 

(3) 

4 

i 

T  2  4  8  7 

-0.26103 

0.24371 

1.1471 

(3) 

ur 

r  RATIO 

9 

s 

0.409 

193 

VARIABLES  IN 

EUUATION 

VARIABLE 

coemciENT 

STO.  ERROR 

r  TO  REMOVE 

(CONSTANT 

447.79590  ) 

HO  2 

0.02426 

0.03951 

11.3772  (  3  ) 

US  3 

0  .315(11 

0  .  85*06 

0.1355  (3) 

PRES  4 

-13.12219 

23.22661 

0.3192  (3) 

HUM  5 

0.04070 

0  .  2  »l  9  *»  9 

0.0197  (3) 

T254  0  . 

-0.25344 

0.24123 

1.1038  (3) 

V  A  K I  A  R  L  E  MULTIPLE 


ENTERED  REMOVED 

R 

RSU 

T  2  5  4 

8 

0.074D 

0.0055 

im(e:; 

4 

0.0776 

0.0075 

un 

2 

0.110/ 

0.0122 

ws 

3 

0  .  1141 

0.01)0 

HUM 

5 

0.114/ 

H  .  0  1  3  l 

or 

F  RATIO 

10 

5 

0,400 

153 

VARIABLE 

VARIABLES  IN  EUUATION 

COEFFICIENT  STD,  ERROR 

F  TO  REMOVE 

(CONSTANT 

436.21175 

) 

HD 

2 

0.02437 

0.03951 

0.3804 

(3) 

HS 

3 

0.31459 

0.85857 

0.1343 

(  3  ) 

PRES 

4 

-12.75647 

23.15303 

U  .  3  0  3  6 

(3) 

HUM 

5 

0,04604 

ft  .  2  8  8  6  6 

U . 0254 

(3  ) 

T  26  0 

9 

-0.24755 

0,23965 

1 .0669 

(3) 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSCI 

T260 

9 

0.0730 

0 .0053 

PRES 

4 

0,0962 

0.0093 

HO 

2 

0.1096 

0.0120 

HS 

3 

0.1129 

0.0127 

HUM 

5 

0.1136 

0.0129 
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or 

r  RATIO 

11 

5 

0,365 

153 

VARIABLES  IH  EQUATION 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

110 


(CONSTANT 
WD  2 
US  3 
PRES  4 
HUM  5 
T  2  66  10 


U7. B5602  ) 
0.024t>8 
0.31521 
-12.16566 
0  .  0  4  8  H  3 
-0.23778 


0 . 0 3  951 
0  .  8  '>  9  2  9 
i  J  ,  0  .)  8  2  8 
0.24868 
0 .23891 

multiple 

R  SO 


n . 38  7  0  (  3  ) 
0.1  346  (  3  > 
0.2777  (3) 
0.0286  ( 3  ) 
O'.  9905  (  3  ) 


VARIABLE 

t?  li  T  ►.  R  c  D  REMOVED 


T  2  8  6  1  0 
PRES  4 

•J  ij  2 

US  3 

HIJ''  5 


fl  ,8/08 
0.8)33 
0  . 1  J  7  ? 
8.1186 
(.III'/ 


0,0350 
n ,  o  o  M  7 
0  .  0  t  l  5 
(I  .  u  l  2  2 
8,0124 


or 

5 

F  RATIO 

0.361 

12 

153 

variables  in 

EQUATION 

VARIABLE 

COEFT I C  l  ENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 
W  0  2 

US  3 
PRES  4 
HUM  5 

T  2  7  2  11 

391,65424  ) 
0.62462 
0.32205 
-11 . 31981 
0.05103 
-0.22260 

0 , 8  1953 

0 . 8  >966 
23.02950 
0.2)929 

0 .23833 

It  .  3  «  7  9  (  3  ) 
0.1  4  0  3  (  3  ) 
0  .  2  4  1 8  (  3  ) 
0.0311  ( 3  ) 

0.8739  ( 3 ) 

variable  multiple 


ENTERED  REMOVED 

R 

RSQ 

T  2  7  2 

11 

0,067? 

0.0045 

PRES 

4 

0.0889 

0.0079 

MO 

2 

0.1035 

0.0107 

WS 

3 

0.1071 

0.0115 

HUM 

5 

0.1080 

0.0117 

•  ■***■■•- 


APPENDIX  A-3 

FAILURE  GROUP  ONE  (ALL  NS-20  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  C 


F  RATIO 
0*201 


VARIABLES  pi  EUUATION 


VARIABLE 


COEFFICIENT  STo.  ERROR  F  TO  REMOVE 


(CONSTANT 
RD  2 
n  b  3 
P  R  E  S  4 
HUM  5 
T  0 1  6 


j  3  .  9  0  8  5  9  ) 
0.02014 
0.4e>278 
•0  .  0  0254 
0 .  10500 
0  ,7o251 


0.04014 
0  •  ft  6 1)  U  1 
19.74655 
0.2J372 

2.71149 


U . 4915  ( 0  ) 
U  .  2  a  9  6  (  0  ) 

U.C000  (0) 

U  .  22  0  4  (  0  ) 
U.D791  (0) 


variable 

EUTLRki)  REMOVED 


MULTIPLE 


>  2 
9  ,  0 

It  U  il  5 
Til  6 
1  (-.  >  4 


0.0581 
0  .  0  ft  9  4 
0,0776 
0.080V 
u  .  ;i  .i  'I  v 


0.0004 
0  .  U  0  4  H 
0  .  u  0  o  i  J 
li  ,  il  0  t>  5 
•l  I  '•)  ')  o  5 


F  RATIO 
0.328 


VARIABLE 


VARIABLES  IN  EUUATION 
COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 
W  D  2 
MS  3 
PRES  4 
HUM  5 
T  32  7 


189,90463  ) 

0.02516 
0 . 3  6  7  5  J 
-  3 . 0  3 1  6  0 
0  .  0  3  7  63 
-2 . 88298 


0.03953 
0 . 6o4u5 
19.99411 
0.29615 
3.42600 


0  .  4  I)  5  l  (  3  ) 
6.  1  264  (  3  ) 
0.0230  ( 3 ) 
0.0161  ( 3 ) 

U. 7081  ( 3 ) 


V  A  R  ]  A  8  L  E 

ENTERED  REMOVED 


MULTIPLE 


132  7 

Mil  2 
WS  3 
PRES  4 
HUM  5 


0,0/90 

0.0963 

0.1013 

0.1025 

0.1030 


0  .  0  0  o  2 
II .  0  0  9  A 
0.0103 
0  ,  0  1  il  5 
0  ,  0  1  U  6 


DF 

5 

1*3 


F  RATIO 
0.953 


3 


113 


VARIABLES  |N  EQUATION 


VARIABLE 

COEFFICIENT 

!>Tu<  ERROR 

F  TO  REMOVE 

(CONS 

T  A  14  r 

231.12872 

) 

HO 

2 

0  •  0  2  3  u  .1 

o .  om*> 

U • 3  4  60 

(  3  ) 

wS 

3 

0.14658 

0 . 8  V  6  0  b 

U  .  U  ?  9  3 

(  3  ) 

PRES 

4 

•7.131U7 

1  9  .  IJ  2  7  8  7 

O  .  1  2  9 .1 

(  3  ) 

HUM 

5 

-0,06650 

0  .2/680 

U  .  U049 

(  3  ) 

T33 

8 

•7.46569 

3  .  d  2  3  3  9 

3.8128 

(  3  ) 

VARIABLE  MULTIPLt 

ENTERED  REMOVED  R  RSU 


T  3  3 

8 

0  .  Io0  9 

0  .  0259 

4t> 

2 

0  •  1  o  8  o 

0  •  0  ?  rt  5 

PRES 

4 

0.1711 

0  .  0  ?  V  3 

HIH 

b 

0.1/32 

ii  .u.no 

w  s 

3 

0.1738 

ij  •  u  3  ii  2 

OF 

F  RATIO 

4 

5 

1.279 

153 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONS 

TANT 

374.4672V  ) 

HD 

2 

0.02736 

0  .  i)  3  0  9  2 

H  .  494  4 

(  3  ) 

U  S 

3 

0.00316 

fl  .  3  v  9  0  7 

0  .  il  0  0  0 

(  3  ) 

HRES 

4 

-8.24032 

19. 71053 

0  .  J  7  4  8 

(  3  ) 

HUM 

b 

-0,17502 

0.30352 

0.3325 

(  3  ) 

T  34 

9 

-9.70350 

4.1ol67 

5.4365 

(  3  ) 

VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

H 

RSO 

T  3  4 

.9 

0  ,  ld41 

0  .  0339 

no 

2 

0  .  1  V  3  2 

0.0373 

HUM 

5 

0,1/73 

0.03«9 

PRES 

4 

0.2003 

0.0401 

NS 

3 

0,2003 

0*0401 

#»r<( 


UK 

K  RATIO 

5 

5 

1.100 

153 

VARIABLES  IN  EQUATION 

V  A  R I ABLE 

COEFKICIENT  STD.  ERROR 

F  TO  REMOVE 

(  C  0 1.  S  T  A  N  T 

.119.5  7935  ) 

».D  2 

0  .  0  i.  H  7  9 

0  .  0  39 U  4 

U . 5436 

(  3  ) 

v.  S  3 

0.02176 

0  .  8  a  3  2  5 

(>.  0  0  0  6 

(  3  ) 

PRES  4 

-8.10911 

19.81233 

u  .  1  6  7  5 

(  3  ) 

MOM  5 

-0.1/248 

0  .  3  </  0  7  2 

u . 3121 

(  3  ) 

T  3  5  10 

-9.54471 

4.4/671 

4.5458 

(  3  ) 

V  A  »<  I  A  H  L  F 

MULTI PLL 

Ml  T  t  Mi  ll  REMOVED 

R 

RSU 

f  3d 

1  0 

0.1679 

0  .  0  2  8  2 

0  ,i 

? 

0  .  t  7  1)  8 

0  .  0  1 2  0 

H  U  M 

5 

0  .  1 »  3  J 

0  .  0  335 

P  I'C 

4 

0  .  1  6  3 

u  .  ij  3  l  7 

.1  , 

1 

p  .  .1.  -  <  3 

•i  .  0  3  4  7 

OF 

F  RATIO 

6 

5 

0.920 

153 

VARIABLES  IN  EuUATION 

VAR  1 AHLE 

COEFFICIENT  S  T  b •  ERROR 

F  TO  REMOVE 

<  cons 

TAM 

315.31972 

> 

w  1) 

i 

0  .  0  3  0  3  9 

0,03920  o . o  0  1 1 

(  3  ) 

MS 

3 

0.0/120 

0  •  8  h  4  ft  2  u  .  0  II  6  3 

(  3  ) 

PRES 

4 

-8.05735 

19.94693  il  .  1  6  3  2 

(  3  ) 

II 1)11 

5 

-  0  .  1  5  ;»  U  9 

0.31312  0.2549 

(  3  ) 

T  36 

11 

-  9 . 2  U  0  5  9 

4.81516  3.651U 

(  3  > 

VARIABLE 

MULTI PLE 

ENTERED  REMOVED 

R  RSQ 

T  3  6 

11 

0 

,1498  0.U224 

Wl) 

2 

0 

. lo3l  0 .0  266 

MUM 

5 

0 

,1670  0,0279 

PRES 

4 

0 

.1707  0.0292 

MS 

J 

0 

.1709  0.0292 

F  r»  /  .  T  I  o 
0.636 


VARIABLE 


variables  in  equation 


COEFFICIENT  STii.  ERROR  »  f  0  REMOVE 


(CONSTANT  t 

ND  2 
US  3 
PRES  4 
HUM  5 
T37  6 

VARIABLE 

ENTERED  REMOVED 

T  3  7  6 

HU  2 
HUM  5 
PRES  4 
US  3 


F  RATIO 
0 .408 


266.01449  ) 

0.03149 
0.09092 
-6.54189 
-0.13477 
-8.11810 


0  .  U  394  7 
0  .  »J  7  7  7  8 
2  0  .  0  :>  A3 9 
0 . 325b6 
5.41123 

NOLI  I  RLE 


0.6368  (  3  ) 
0.0107  (  .>  ) 
0.1064  (3) 
0.1710  (3) 
2.2507  ( 3  > 


0.1190 
0.1362 
0 .1396 
0.1427 
0  •  1  4  3  0 


0.0142 
0.0165 
0.0195 
0  .  02u  4 
0.0204 


VARIABLE 


(CONSTANT 
UD  2 
US  3 
PRES  4 
HUM  5 
T38  7 


VARIABLES  IN  EUUA  Tius, 


COEFFICIENT  STu.  ERf?UR  F  10  REMOVE 


250,26311  ) 
0,03092 
0.11814 
-6.14235 
-0.10207 
•7.26148 


VARIABLE 

ENTERED  REMOVED 

T38  7 

HO  2 
US  3 
HUM  5 
PRES  4 


0.03959 
0.86764 
20,24609 
0 . 33213 
5.91993 

MULTIPLE 


0.6100  (3  ) 
0.0177  ( o  ) 

0.092  0  (  3  ) 
0.0944  (3) 
1.50  46  (  3  ) 


0 ,099V 
0.1193 
0.1217 
0.1229 
0.1253 


0  .  0  1  Cl  o 
0,0142 
0,0148 
0.0151 
0.0157 


i  u*ii  ***»  * 


or 

r  RATIO 

9 

i 

0.839 

153 

VARIABLE 

VARIAfllES  IN  EOUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REHOVE 

(CONSTANT 

338,54329 

) 

UD 

2 

0.0  30  8  3 

0.QJ927  U.6164 

(  3  ) 

NS 

3 

•0.10302 

0.89577  0.0132 

(  3  ) 

PRES 

4 

•6,57284 

20.03933  u.1821 

(  3  ) 

HUH 

5 

-0,20797 

0.331/2  0.3930 

(  3  ) 

T39 

8 

•11.03259 

6.12203  3.2476 

(3) 

VAN  I AdlE 

MULTIPLE 

ENTERED  REMOVED 

R  RSU 

T  3  9 

8 

0 

.1402  0.0196 

NO 

2 

0 

.1539  0.0237 

HUM 

5 

0 

.1596  0.0255 

PRES 

4 

0 

.1631  0.0266 

ws 

3 

0 

.1634  0.0267 

DF 

F  RATIO 

10 

5 

1.292 

153 

VARIABLE 

VARIABLES  IN  EUUATION 

COEFFICIENT  STU.  ERROR 

F  TO  REMOVE 

(CONSTANT 

474.21698  ) 

HD 

2 

0.0  33  15  0  ,  0  o  9  0  2 

0.7217 

(  3  ) 

HS 

3 

-0.26799  0.89056 

0.0906 

(3) 

PRES 

4 

-12.73125  20.12664 

0.4001 

(  3  ) 

HUM 

5 

-0.27749  0.32356 

0  .  7  354 

(  3  ) 

T310 

9 

•14.49117  6.17690 

5.5003 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSU 

T  3  1  0 

9 

0.1750 

0.03  0  6 

HU 

2 

0.1673 

0.0351 

HUM 

5 

0.1948 

0.0379 

PRES 

4 

0 ,1999 

0.0400 

HS 

3 

0.2013 

0.0405 

T**»fn»rnM<yw»«' 
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or 

F  RATIO 

11 

5 

1.00A 

153 

VARIABLES 

IN  EUUATION 

VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

398.93908 

) 

WO  2 

0  .  03030 

0 . 03913 

0.5994 

(  3  ) 

WS  3 

•0.11097 

U .88 472 

0.0157 

(  3  ) 

PRES  4 

•10.49511 

20.14883 

0.2713 

(  3  ) 

HUM  5 

•0.20801 

0.32097 

0.4200 

(  3  ) 

T  3 1 1  10 

-12.61530 

6.24822 

4.0765 

(3) 

VAN  I  ABLE 


MULTIPLE 


ENTERED 

REMOVED 

R 

RSO 

T  3  1 1 

10 

0 .1561 

0.0244 

NO 

2 

0.1684 

0 .0283 

HUM 

5 

0.1735 

0.0301 

PRES 

4 

0.1781 

0.0317 

W  j 

3 

0.1/84 

0.0318 

OF 

F  RATIO 

5 

1.679 

1 1?  3 


VARIABLE 


12 


VARIABLES  IN  EUUATION 
COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 


498.63345  ) 


MD 

2 

0.02943  0.03869 

0.5786 

(  3  ) 

WS 

3 

•0.31929  0. 87039 

0.1321 

(  3  ) 

J 

PRES 

4 

•1  1.96050  19  .  7f»428 

U . 366  7 

(  3  ) 

\ 

HUM 

5 

•0.29710  0.31400 

0.8953 

(  3  ) 

s 

T312 

11 

•17.22184  6.32164 

7.4216 

(3) 

variable 

MULTI PLE 

i 

! 

ENTERED  REMOVED 

R  RSO 

i 

T  3 1  2 

11 

0.2054  0.0422 

HUM 

5 

0.2145  0.0460 

! 

4 

MO 

2 

0.2225  0.0495 

PRES 

4 

0.2263  0.0512 

vl 

\ 

US 

3 

0.2281  0.0520 

FAILURE  GROUP  TWO  (DCU  FAILURES) 

VERSUS  ENVIRONMENTAL  GROUPS  A,  B,  AND  C 

This  appendix  is  divided  into  three  sub-appendices. 


Appendices  B-l,  B-2,  and  B-3  contain  respectively  the  equa¬ 
tions  that  resulted  from  regressing  the  TBSF  due  to  DCU 
failures  against  environmental  groups  A,  B,  and  C.  The 
appropriate  F-distribution  values  for  each  appendix  are 
listed  in  Figure  29  on  page  99. 


Preceding  page  blank 
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APPENDIX  B-l 

FAILURE  GROUP  TWO  (DCU  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  A 


120 


Wll WHvmvitnywrtrM* * -m/t-i  w?**- 


#W*N  I  w, 


<**■•  tin,- tr -pt*r\<r,‘ <«tiw  i*wr+  rt  wr»«w"'»^r  «*»■*•*♦ <*• 


or 

F  RATIO 

5 

1.526 

25 

VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11969,23804 

) 

TEMP 

2 

-0.15156 

2  .  43933 

0.0039 

(3) 

WD 

3 

0.32698 

0 .34501 

0.6982 

<  3  ) 

US 

4 

14,43098 

7.46908 

3.7330 

(3) 

PRES 

5 

400.74868 

274.51771 

2.1311 

(3) 

HUM 

6 

0.63772 

3.23695 

0*0388 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

US 

4 

0 

.3260 

0.1063 

PRES 

5 

•  0 

.  4534 

0.2056 

UD 

3 

0 

.4600 

0.2304 

HUM 

6 

0 

.4635 

0,2337 

TEMP 

2 

0 

.4636 

0.2338 

121 


APPENDIX  B-2 

FAILURE  GROUP  TWO  (DCU  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  B 


122 


V 


■  •  1 


ur 

5 

25 


F  RATIO 

1.  J74 


VARIABLES  IN  EUUATION 


VARIABLE 

COEFF  1CIENT 

STD.  ERROR 

F  TO 

RENOVE 

(CONSTANT 

11470*84849 

) 

NO 

2 

0.35164 

0 . 39318 

0 

.9912  (4) 

W  S 

3 

15.09065 

7.71213 

4 

.8329  (3) 

PRES 

A 

362.50310 

279.80133 

1 

.8688  (3) 

HUN 

5 

0  .*  992  0  0 

2.99619 

0 

.1096  (3) 

T26 

6 

0.26609 

2.45339 

0 

•0118  (3) 

variable 

NULT IPLE 

ENTERED 

RENOVEO 

N 

R  SO 

ws 

3 

0 

.3260 

0.1063 

PRES 

A 

0 

.4242 

0.1800 

HO 

2 

0 

.  460  1 

0.2117 

HUN 

5 

0 

.  4636 

0.2151 

T26 

6 

0 

.4642 

0.2155 

ur 

F 

RATIO 

2 

5 

1. 

373 

25 


VARIABLES  IN  EUUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  RENOVE 

(CONSTANT 

11471.04565 

) 

HD  2 

0.4500  7 

0 . 35886 

0.9516 

(3  ) 

US  4 

15.07951 

7.70542 

3.8298 

(3) 

PRES  4 

302 .64048 

264 .16671 

1.8129 

(3) 

HUN  5 

0 ,9484  7 

2.81614 

0.1144 

(3  ) 

T212  7 

0.26156 

2.55275 

0.0105 

(3) 

variable 

NULT 1 PLE 

ENTERED  KENOV.ED  R 

RSU 

US  3 

0, 

3260  0 

.1063 

PRES  4 

0. 

4242  0 

.1800 

HO  2 

0. 

4601  0 

.2117 

HUN  5 

0. 

4630  0 

•  2151 

T212  7 

0. 

4642  0 

•  2155 

123 


>M£MO**a 


or 

r  RATIO 

3 

5 

1.374 

25 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11508.02966 

) 

UD 

2 

0 .34894 

0.35755 

0.9524 

(3) 

US 

3 

15.13811 

7.75622 

3. 8093 

(3) 

PRES 

4 

3b3. 72797 

279.97529 

1.6785 

(3) 

HUM 

5 

0.97372 

2.83029 

0.1184 

(3) 

T  2 1 8 

8 

0.31204 

2.65789 

0 .0138 

(3) 

variable  multiple 


ENTERED  REMOVED 

R 

KSU 

US 

3 

0.3260 

0.1063 

PRES 

4 

0.4242 

0.1600 

U  0 

2 

0.4601 

0.2117 

HUM 

5 

0.4638 

0.2151 

T218 

8 

0  .  46  40 

0.2156 

DF  F  RATIO  4 

5  1.374 

25 

VARIABLES  in  EuUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO 

REMOVE 

(CONSTANT 

11441.56213  > 

HD 

2 

0.35049  0.35603 

u 

.  9691 

(  3  ) 

US 

3 

15.14413  7.88226 

3 

.6914 

(  3  ) 

PRES 

4 

381.49496  2  7  5  .  7  u  3  51 

1 

.9147 

(  3  ) 

HUM 

5 

0.97853  2.92618 

Ij 

.  11’  8 

<  3  ) 

T  2  2  4 

9 

0.29743  2.75045 

0 

.0117 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED  R 

HSU 

US 

3 

0.3260 

0.1063 

PRES 

4 

0.4242 

0.1800 

M  t) 

2 

0,4601 

0.2117 

HUM 

5 

0.4636 

0.2151 

T224 

9 

0.4642 

0.2155 

125 

or  r  ratio  5 

5  1.309 

25 

VARIABLES  IN  EQUATION 


VARIABLE 

COEff ICIENT 

STD.  ERROR 

r  TO  REMOVE 

(CONSTANT 

120V6. 72241 

) 

N  D 

2 

0.33266 

0.35761 

0.8664 

(3) 

NS 

3 

15 . 76130 

8.05677 

3.6348 

(3) 

PRL  S 

4 

402.07244 

277.1V086 

2.1040 

(3) 

HUN 

5 

1.24607 

2.92558 

0.1814 

(3) 

T  2  3  0 

10 

0  .  73133 

2.73766 

U.0714 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R  RSU 

HS 

3 

0 

.  3260  0 

.1063 

PRES 

4 

0 

.  4242  0 

.1800 

Ub 

2 

0 

.  460  1  0 

.2117 

HUM 

5 

0 

.  4638  0 

.2151 

T  2  3  0 

10 

0 

.4662  0 

.2174 

DF 

F  RATIO 

6 

5 

1.388 

25 

VARIABLES  (N  EQUATION 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

12QV4. 4  9646  ) 

ND 

2 

0 ,32912 

0 .30317 

0.8213 

(3) 

NS 

3 

15.86667 

6.26811 

3.6827 

(  3  ) 

PRES 

4 

402.11712 

278,91732 

2.0765 

(  3  ) 

HUM 

5 

1.21064 

2.87559 

0.1773 

(3) 

T236 

11 

0.71603 

2.75506 

0.0675 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSU 

US  3 

0.3260 

0.1063 

PRES  4 

0.4242 

U.1800 

UD  2 

0.4601 

0,2117 

HUM  5 

0,4636 

0.2151 

T  2  3  6  11 

0.4661 

0.2173 

or 

5 

25 


F  RATIO 
1.377 


7 


VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REHOVE 


(CONSTANT  11671.88000  ) 


HD 

2 

0.33966 

0 . 3  6  6  8  6 

0.8572 

(  3  ) 

US 

3 

15.48507 

8.35420 

3.4357 

(  3  ) 

PRES 

4 

388.76892 

277.51365 

1.9625 

(  3  ) 

HUH 

5 

1 .05797 

2.84828 

0.1342 

(  3  ) 

T2  4  2  6 

variable 

ENTERED  REMOVED 

0 .45251 

2.79585  0.0262 

MULTIPLE 

R  RSO 

(  3  > 

WS 

3 

0 

.  3260 

0.1063 

PRES 

4 

0 

.  4242 

0.1800 

HI) 

2 

0 

.  4601 

0.2117 

HIM 

5 

0 

.  463H 

0.2151 

T  2  4  2 

6 

0 

.  4647 

0.2160 

DF 

F  RATIO 

8 

5 

1.375 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11508.10547  ) 

HD 

2 

0 .34396 

0.36763 

0.8754 

(  3  ) 

US 

3 

15.3502? 

8.40482 

3.3356 

(  3  ) 

PRES 

4 

383.55877 

274,46516 

1.9529 

(  3  ) 

HUM 

5 

1.00751 

2,90822 

U. 1200 

(  3  ) 

T248 

7 

0,35565 

2.78302 

0.0163 

(  3  ) 

VARIABLE  MULTIPLE 


ENTERE0  REMOVED 

R 

RSQ 

US 

.3 

0,3260 

0.1063 

PRES 

4 

0.4242 

0.1800 

WD 

2 

0.4601 

0.2117 

HUM 

5 

0.4638 

0.2151 

T248 

7 

0,4644 

0.2156 

W?W'*v  *-  „ 


127 


or 

5 

25 


r  RATIO 
1.380 


VARIABLES 

IN  EQUATION 

VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11751.34680 

) 

WD  2 

0.33422 

0.36910 

0.8199 

(3) 

US  3 

15.66540 

6.47026 

3.4205 

(3) 

PRtS  4 

391.17283 

273.70270 

2.0426 

(3) 

HUM  6 

1.10754 

2.88310 

U.1476 

(  3  ) 

T254  8 

0.53316 

2.75359 

0.0375 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

K 

RSQ 

US  3 

0 

.  3260 

n  ,  1  0  6  3 

PRES 

wn 

HUM 

T254 


4 

2 

5 
H 


0.4242 

0.4601 

0.4636 

0.4651 


0.1800 

0.2117 

0.2151 

0.2163 


OF 

5 

25 


F  RATIO 
1.381 


10 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11788.00964 

) 

un  2 

0 , 3  3  2  6  5 

0.37003 

0.8082 

(  3  ) 

US  3 

15.71444 

8.50800 

3.4115 

(  3  ) 

PRES  4 

392.35667 

274.2H170 

2.0463 

(  3  ) 

HUM  5 

1.11026 

2.85680 

0.1510 

(  3  ) 

T260  9 

0,55705 

2.76731 

0.0405 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R  RSQ 

US  3 

0 

.3260  0 

.1063 

PRES  4 

0 

.  4242  0 

.1800 

WD  2 

0 

,  460  1  0 

.2117 

HUM  5 

0 

.  4638  0 

.2151 

T2  6  0  9 

0 

.4652  0 

.2164 

v*M.* 


11 


128 


or  r  ratio 

9  1.301 

29 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

( CONSTANT 

11795.20264  ) 

UD  2 

0.33206  0.36990 

0.8059 

(  3  ) 

US  3 

15.73076  0.49577 

3.4284 

(3) 

PRES  4 

392.55364  273.54086 

2.0595 

(3) 

HUH  9 

1.11727  2,85662 

0.1530 

(3) 

T266  10 

0.57304  2.78411 

0.0424 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R 

RSQ 

US  3 

0.3260 

0.1063 

PRES  4 

0.4242 

0.1BUP 

Ul)  2 

0.4601 

0.2117 

HUM  5 

0 .4638 

0.2151 

T266  10 

0.4653 

0.2165 

OF 

F  RATIO 

12 

5 

1.379 

25 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11683.69312 

) 

UD 

2 

0.33625 

0  .  36858 

0.8  323 

(  3  ) 

US 

3 

15,59831 

8 .44  262 

3.4135 

( .3  ) 

PRES 

4 

389.02855 

272.20783 

2, 0425 

(  3  ) 

HUM 

6 

1  .  0  8  1  5  1 

2.86586 

0.1424 

(  3  ) 

T272 

11 

0.49724 

2  .  7  4789 

0.0  327 

(  3  ) 

variable 

ENTERED  REMOVED 

• 

MULTIPLE 

R 

RSQ 

US 

3 

0  .  3260 

0,1063 

PRES 

4 

0.4242 

0.1800 

UD 

2 

0  .  46  0  1 

0.2117 

HUM 

5 

0.4638 

0.2151 

T  2  7  2 

11 

0.4649 

0.2162 

'Wff  fiWpPT' *****  ■'*f'W’**WW*1  X.« V 
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APPENDIX  B-3 

FAILURE  GROUP  TWO  (DCU  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  C 


1 


or  r  ratio 

5  1.825 

25 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFF 1 C I  ENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

12403.68164 

) 

UO 

2 

0,19689 

0.35090 

0.3213 

(  3  ) 

WS 

3 

11.56521 

7.36196 

2.4764 

(  3  ) 

PRES 

4 

420.35905 

235.63884 

3.1823 

(3) 

HUH 

5 

-0.13154 

2.46109 

0.0  029 

(3) 

T31 

6 

•33.43836 

31.21701 

1.1474 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

R  RSQ 

US 

3 

0 

.3260  0 

.1063 

PRES 

4 

0 

.  4534  0 

.  2056 

T31 

6 

0 

.  5060  0 

.2561 

UD 

2 

0 

.5170  0 

.  2673 

HUM 

5 

0 

.5171  0 

.  2674 

OF 

F  RATIO 

2 

5 

1.546 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

12205.87097 

) 

UD  2 

0.30412 

0,34452  0.7792 

(  3  ) 

US  3 

13.85239 

7.42048  3.4849 

(  3  ) 

PRES  4 

409.67033 

240,35086  2.9050 

(3) 

HUM  5 

0.46636 

2.58540  0.0325 

(  3  ) 

T32  7 

-9.02035 

31.51344  0.0819 

(  3  ) 

VARIABLE 

F  NTEREI)  REMOVED  R 

MULTIPLE 

RSU 

US  3 

0  . 

3260  0.1063 

PRES  4 

0  . 

4534  0.2056 

UD  2 

0  . 

4800  0.2304 

T32  7 

0. 

4850  0.2352 

HUM  5 

0  . 

4860  0.2362 

130 


n 


or  r  ratio  3 

5  1.638 

25 


VARIABLES  IN  EQUATION 


VARIABLE 


COEFFICIENT  STD.  ERROR  r  TO  REHOVE 


(CONSTANT  12261.56763  ) 


wo 

2 

0.30755 

0.33667 

0.8345 

(3) 

ws 

3 

13.50298 

7.09607 

3.6210 

(3  ) 

PRES 

4 

413.73078 

238.79049 

3.0019 

(3) 

HUM 

5 

-0.08794 

2.67602 

0.0011 

(3) 

T33 

6 

-22.54445 

34.25118 

0.4332 

(3) 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSQ 

WS 

3 

0.3260 

0.1063 

PRES 

4 

0.4534 

0.2056 

WO 

2 

0,4800 

0.2304 

T  3  3 

8 

0.4  9  6  7 

0.2467 

HUM 

5 

0  .  4  '>  6  6 

0,2468 

or  F  RATIO 

5  1.578 

25 

variables  in  equation 


4 


l 

k 

VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

f 

: 

(CONSTANT 

12360.81921 

) 

WD 

2 

0.32090 

0.33767 

I)  .  9  4  8  8 

(  3  ) 

ws 

3 

13.62233 

7.26381 

3.5170 

(  3  ) 

j 

PRES 

4 

416.50857 

240.36741 

3.0  0  2  6 

(  3  ) 

> 

HUM 

6 

-0.02895 

?  .  9  ">  0  7  9 

(i .  0  0  0  1 

(  3  ) 

T  3  4 

9 

-18. 76373 

41.32407 

U  .  2  (1 1  3 

(  3  ) 

f 


variable 

ENTEREO  REMOVED 

MULTIPLE 

R 

RSQ 

ws 

3 

0.326  0 

0.1063 

PRES 

4 

0.4534 

0.2056 

WD 

2 

0.480  0 

0.2304 

T  3  4 

9 

0.4897 

0.2398 

HUM 

5 

0.4897 

0.2398 

131 


or  r  ratio  5 

9  1.632 

29 

VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REHOVE 


(CONSTANT  11912.37134  ) 


WD 

2 

0.34090 

0.33713  1.0201 

(3) 

WS 

3 

13,09679 

7.30825  3.1919 

(3) 

PRES 

4 

403.20482 

238.95172  2.8473 

(3) 

HUM 

5 

-0.51757 

3.08433  0.0282 

(3) 

T35 

10 

-27.00525 

42.11830  0.4111 

(3) 

variable 

MULTIPLE 

ENTERED 

REMOVED 

R  RSO 

US 

3 

0 

.3260  0.1063 

PRES 

4 

0 

.4534  0.2056 

wn 

2 

0 

.4800  0.2304 

i 

T  3  5 

in 

0 

.4953  0.2453 

HUN 

5 

0 

.4961  0.2461 

j 

DF 

F  RATIO 

6 

5 

1.526 

29 

1 

I 

variables  in  equation 


VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  12176.20957  ) 


WD 

2 

0.32596 

0.34664 

0.8842 

(  3  > 

US 

3 

14,49412 

7,41073 

3.8253 

(3) 

PRES 

4 

407,41218 

243,56631 

2.7979 

(3  ) 

HUM 

5 

0.69100 

3.11949 

0.0491 

(3) 

T  36  11 

variable 

ENTERED  REMOVED 

-1.98797 

47.98270  0.0017 

MULTI PLE 

R  RSO 

(3) 

US 

3 

0 

.3260 

0.1063 

PRES 

4 

0 

.  4534 

0.2056 

HO 

2 

0 

.  4800 

0.2304 

HUM 

5 

0 

.4839 

0.2337 

T36 

11 

0 

.4835 

0  *2338 

or 

5 

23 


VARIABLE 


r  RATIO 
1.576 


VARIABLES  IN  EQUATION 
COErr I C I  ENT  STO.  ERROR  F  TO  REMOVE 


133 


(CONSTANT 

-8674.11255 

) 

Ml) 

2 

0,37144 

0 ,33675 

1.2166 

(3) 

US 

3 

10.82752 

6.31243 

1,6967 

(3) 

PRES 

4 

305.44662 

252.82656 

1.4596 

(3  ) 

HUM 

5 

-1,53568 

3.51154 

0.1913 

(  3  ) 

T37 

6 

o 

K> 

O 

CM 

• 

• 

55.9561)6 

0.60  50 

(3) 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

R  SO 

MS 

3 

0.3260 

(1.1063 

PRES 

4 

0.4242 

0.1800 

MO 

2 

0 .4601 

0.2117 

T  3  7 

6 

0.4635 

0.2336 

HUM 

5 

0.4895 

0.2396 

DF 

F  RATIO 

8 

5 

1.527 

25 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•9897.68823  ) 

un 

2 

0.39413 

0.34041 

1.3405 

(  3  ) 

us 

3 

10.92027 

8,62483 

1 .6031 

(  3  ) 

PRES 

4 

338.53461 

246.79499 

1.8816 

(  3  ) 

HUM 

5 

-1,14839 

3.43339 

0.1119 

(3  ) 

T  3  8 

7 

•45,83669 

58.55040 

0.6129 

(3  ) 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

R  SO 

US 

3 

0 .3260 

0.1063 

PRES 

4 

0  .  4  2  4  2 

0.1800 

MD 

2 

0.4601 

0.2117 

T  3  8 

7 

0.4601 

0.2305 

HUM 

5 

0.4837 

0.2339 

134 

or  F  RATIO  9 

9  1.978 

29 

VARIABLES  |N  EQUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO 

REMOVE 

(CONSTANT 

•9699.21802 

) 

WD 

2 

0.42455 

0.34375 

1 

.5254 

(3) 

ws 

3 

8.33184 

10.04340 

0 

.6882 

(3) 

PRES 

4 

334.33417 

245.80939 

1 

.8500 

(3) 

HUM 

5 

-1.55325 

3.51645 

0 

.1951 

(3) 

T  39 

8 

•62.17752 

68.96743 

0 

.8128 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

MS 

3 

0 

.  3260 

0.1063 

PRES 

4 

0 

.4242 

0.1800 

wn 

2 

0 

.  4601 

0.2117 

T  3  9 

8 

A 

.4837 

0,2339 

HUM 

9 

0 

.4897 

0,2399 

DF 

F  RATIO 

10 

5 

1.891 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

10495,67847  ) 

WD 

2 

0.35965  0.32876  1.1967 

(3) 

MS 

3 

6.67518  8.91892  0.5601 

(3) 

PRES 

4 

363.47253  237.35262  2.3451 

(3) 

HUM 

5 

-1.82850  2.94769  0.3848 

(3) 

T310 

9 

•80,86333  96,96562  2.0436 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R  RSO 

WS 

3 

0.3260  0.1063 

PRES 

4 

0.4242  0.1800 

T310 

9 

0.4673  0.2184 

WD 

2 

0.5131  0.2633 

HUM 

5 

0.5239  0.2744 

•-«*:'*** 


11 


135 


or 

5 

25 


r  RATIO 
2.364 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•9642,53760  ) 

wn  2 

0.33662  0.31*26 

1.1200 

(3) 

NS  3 

3.07085  8.91629 

0.1186 

(3) 

PRES  4 

341.76632  229.96889 

2.2086 

(3) 

HUM  5 

•3.27479  3.03726 

1.1625 

(3) 

T311  10 

-122.02665  61.78735 

3.9004 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED  .  R  RSO 

T311  10 

0.3423  0 

.1172 

HUM  5 

0.4797  0 

.  230  1 

PRES  4 

0.5356  O 

.2869 

NO  2 

0.5638  0 

.3178 

NS  3 

0.5666  0 

.3211 

or  f 

RATIO  (PS,SS) 

12 

5  2. 

690 

25 

variables  IN  EQUATION 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9259,74036  ) 

WO  2 

0.38996  0.31147 

1.5675 

(  3  ) 

NS  3 

2,12348  8.56757 

0.0614 

(  3  ) 

PRES  4 

330.86786  225.26571 

2.1573 

(  3  ) 

HUM  5 

-3.68982  2.94137 

1.5737 

(  3  ) 

T  3 1 2  11 

•140,78954  61.87227 

5.1778 

(3) 

VAR  |  A8LE 

MULTIPLE 

ENTERED  REMOVED  R  RSO 

T312  11 

0,3571  0 

.1275 

HUM  5 

0,5017  0 

.2517 

PRES  4 

0.5530  O 

.  3058 

NO  2 

0.5901  0 

.3482 

NS  3 

0.5914  0 

.3496 

13 


136 


or  r  ratio 

9  2.527 

25 


variables 

IN  EQUATION 

VARIABLE 

COEFFICIENT 

STD.  ERROR  r  TO  REMOVE 

(CONSTANT 

-9702.16760 

) 

LD 

2 

0.33384 

0.31464 

1.1244 

(3) 

WS 

3 

4.46107 

8 . 17637 

0.2977 

(3) 

PRFS 

4 

343.22371 

227.39371 

2.2782 

(3) 

HUH 

5 

-3,25605 

2.91335 

1.2491 

(3) 

T  3 1 3 

6 

-122.77874 

57.64129 

4.5371 

(3) 

VARIABLE 

MULTI PLE 

ENTERED  REMOVED 

K 

RSQ 

T31 3 

6 

0.3500 

0.1225 

HUM 

5 

0.4943 

0.2443 

PRES 

4 

0.5448 

0.2968 

U0 

2 

0.5725 

0.3278 

WS 

3 

0.5794 

0.3357 

DF 

F  RATIO 

(PS.SS) 

5 

2.821 

25 

VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO 

REMOVE 

(CONSTANT 

-75J  2. 20691  ) 

wn 

2 

0.36114  0.30870 

1 

.  5243 

(3) 

us 

3 

1.34296  8.57112 

O 

.  0  245 

(3) 

PRES 

4 

272,32750  226.36658 

1 

.  4473 

(3) 

HUM 

5 

-3,83543  2.90735 

1 

,  74  03 

(3) 

T314 

7 

•133.56136  55.97444 

5 

.  6935 

(3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED  R 

RSQ 

T314 

7 

0.3905 

0.1525 

HUM 

5 

0.5316 

0.2827 

UD 

2 

0.5669 

0.3214 

PRES 

4 

0.60  0  1 

0.3601 

US 

3 

0.6006 

0.3607 

or  r  ratio 

5  2.181 

29 


15 


137 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFF 1CIENT 

STO.  ERPOR 

F  TO  REMOVE 

(CONSTANT 

-6006,90063 

) 

NO  2 

0.47137 

0.32792 

2.0662 

(3) 

NS  3 

4.27367 

6.95498 

0.2278 

(3) 

PRES  A 

219.18761 

247.06230 

0.7871 

(3) 

HUM  5 

-2.63553 

2.96747 

0 . 7888 

(3) 

T315  a 

-107.01721 

60.0U799 

3.1805 

(3) 

variable 

MULTIPLE 

entered  removed 

R  RSO 

T31 5  8 

0 

.  3378  0 

.1141 

HUM  5 

0 

.4645  0 

.2158 

WO  2 

0 

.  5307  0 

.2816 

PRES  4 

0 

.5453  0 

.2974 

WS  3 

0 

.5511  0 

.  30  37 

OF 

F  RATIO 

16 

5 

2.040 

25 

variables  in  EQUATION 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-6685.83057 

) 

WD 

2 

0 .45994 

0.33092 

1.9318 

(3) 

NS 

3 

5.03403 

9,08601 

0.30  7  0 

(  3  ) 

PRES 

4 

237.53960 

248.26248 

0.9155 

(3) 

HUM 

5 

-2.21573 

2.94252 

0.567  0 

(  3  > 

T  3 1 6 

9 

-97.52298 

60.16815 

2.6271 

(3) 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSO 

T316 

9 

0.3292 

0.1083 

MO 

2 

0.4528 

0.2050 

HUM 

5 

0.5131 

0.2632 

PRES 

4 

0.5301 

0.2811 

MS 

3 

0.5383 

0.2898 

DF 

5 

25 


r  RATIO 
1.835 


1? 


138 


VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


2.0541  (3) 
0.5283  (3) 
1.2282  (3) 
0.5353  (3) 
1.8234  (3) 


VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSQ 

US  3 

0.3260 

0.1063 

PRES  4 

0.4242 

0.1800 

UD  2 

0.4601 

0.2117 

T  3 1  7  10 

0.5028 

0.2528 

HUM  5 

0.5182 

0.2685 

(CONSTANT  -7809.10669  ) 

UD  2  0.49349  0.34432 

MS  3  6.66004  9.16293 

PRES  4  274.95858  248.10474 

HUM  5  -2.43706  3.3J101 

T  3 1 7  10  -94.0  7183  69.66588 


DF  F  RATIO  18 

5  1.697 

25 

VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  *9120,29688  ) 

UD  2  0.4580  1  0.34426  1.770  1  (  3  ) 

MS  3  7.43564  9.5J203  U.6085  (3) 

PRES  4  316.53554  245.02603  1.6689  (3) 

HUM  5  -1,83006  3.29415  11.3086  (3) 

T31B  11  -HI.  78881  72.22358  1.2824  (  3  ) 


variable 

ENTERED  REMOVED 

MULTIPLE 

R 

RSQ 

US  3 

0.3260 

0.1063 

PRES  4 

0.4242 

0.1800 

HD  2 

0.4601 

0.2117 

T318  11 

0.4942 

0.2442 

HUM  5 

0.5034 

0.2534 

or 

9 

29 


r  RATIO 
1.740 


19 


139 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REHOVE 

(CONSTANT 

•9242.29529 

> 

NO  2 

0.49441 

0.34130 

1.7727 

(3) 

US  3 

7.13067 

9.42388 

0.5725 

(3) 

PRES  4 

321.46496 

243.09021 

1.7488 

(3) 

HUH  5 

-2.04168 

3.31493 

0.3793 

(3) 

T319  6 

-86.04441 

71.43304 

1.4509 

(3) 

variable 

HULTIPLE 

ENTEREO  REMOVED 

R  RSO 

US  3 

0 

.  3260  0 

.10  6  3 

PRES  4 

0 

.  4242  0 

,1800 

UD  2 

0 

.  4601  0 

.2117 

T  31  9  6 

0 

.  4969  0 

.2469 

HUH  5 

0 

.5081  0 

•  2  5  U  2 

or 

F  RATIO 

20 

5 

1.915 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REHOVE 

(CONSTANT 

•8478.42981 

) 

UD 

2 

0.49252 

0.34024  2.0954 

(  3  ) 

US 

3 

5.71962 

9.25378  0.3820 

(3) 

PRES 

4 

298.25800 

241,69522  1.5228 

(3) 

HUH 

5 

-2,53767 

3.24000  0,6134 

(3) 

T320 

7 

-104.39118 

71.38033  2.1383 

(3) 

VARIABLE 

HULTIPLE 

ENTERED  REHOVED 

R  RSO 

US 

3 

0 

,3260  0.1063 

PRES 

4 

0 

.4242  0.1800 

UO 

2 

0 

.4601  0,2117 

T32  0 

7 

0 

,5092  0.2592 

HUH 

5 

0 

.5263  0.2770 

or 

r  RATIO  (PS,SS) 

21 

5 

2.916 

29 

VARIABLE 

VARIABLES  IN  EQUATION 

COErr IC1ENT  STD.  ERROR 

r  TO  REMOVE 

(CONSTANT 

•7606.58032  ) 

uo 

2 

0.49511  0.31152 

2.5260 

(3) 

US 

3 

0.24721  8.72222 

0.0  0  08 

(3) 

PRES 

4 

275.27952  224.62795 

1.5018 

(3) 

HUM 

5 

-3.37636  2.73849 

1.5201 

(3) 

T321 

8 

•159.46048  64.74995 

6.0650 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED  R 

RSO 

T  3  2 1 

8 

0.3931 

0.1545 

HUM 

5 

0 .5120 

0.2622 

UD 

2 

0.5707 

0.3256 

PRES 

4 

0 .6069 

0 . 3  6  8  3 

ws 

3 

0.6069 

0.3684 

DF 

F  RATIO  (PS.SS) 

22 

5 

2.989 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-6203,98969 

) 

UD 

2 

0.46508 

0.30811 

2.2785 

(3) 

US 

3 

-0.39028 

8.78169 

0.0  0  2  0 

(3) 

PRES 

4 

229,65233 

227.17914 

1.0219 

(3  ) 

HUM 

5 

-3.77376 

2.80630 

1.8083 

(  3  ) 

T322 

9 

-163.88809 

65.03493 

6.3504 

(3) 

variable 

ENTERED  REMOVED 

MULTIPLE 

R 

RSO 

T322 

9 

0,4007 

0.1670 

HUM 

5 

0.5352 

0.2864 

UO 

2 

0.5852 

0.3425 

PRES 

4 

0.6116 

0.3741 

US 

3 

0.6117 

0.3741 

140 
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or 

5 

25 


VARIABLE 


r  RATIO  (PS.SS)  23 

2.051 

VARIABLES  IN  EQUATION 
COEFFICIENT  STO.  ERROR  F  TO  REMOVE 
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(CONSTANT 
WD  2 
US  3 
PRES  4 
HUM  5 
T323  10 


5564.53522 

0.41940 

1.89664 

206.42898 

-3.29763 

•149.62436 


0 .30895 
8.37645 
232.26236 
2.74810 
62.07831 


1.8427  (3) 
0.0513  (3) 
0.7899  (3) 
1.4399  (3) 
5.8093  (3) 


variable 

ENTEREO  REMOVED 

MULTIPLE 

R 

R  SO 

T323 

10 

0.4214 

0.1776 

HUH 

5 

0.5423 

0.2941 

UD 

2 

0.5850 

0.3423 

PRES 

4 

0.6015 

0.3618 

US 

3 

0.6026 

0.3631 

OF 

F  RATIO 

(PS,SS) 

5 

2.950 

25 


VARIABLES 

IN  EQUATION 

VARIABLE 

COEFFICIENT 

STD.  ERROR  F  TO  REMOVE 

(CONSTANT 

-5602.67047  ) 

UD  2 

0.35564  0.30610 

1.3499 

(  3  ) 

US  3 

1,49466  8.33994 

0 .0321 

(  3  ) 

PRES  4 

208.88063  230.04665 

0.6245 

(  3  ) 

HUM  5 

-3,36793  2.72651 

1.5440 

(  3  ) 

T324  11 

-158.92526  63.83888 

6.1975 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R 

RSQ 

T324  11 

0.4452 

0.1982 

HUM  5 

0.5616 

0.3154 

UD  2 

0.5908 

0.3490 

PRES  4 

0.6085 

0.3702 

US  3 

0.6091 

0.3711 

142 

or  r  ratio  (ps.ss)  25 

5  2.97“» 

25 

VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REHOVE 


(CONSTANT 

-5847 .94592 

WD 

2 

0.31222 

WS 

3 

-0.44046 

PRES 

4 

217.33734 

HUM 

5 

-3,09465 

T325 

6 

-160.42488 

0 . 30620 

1 .0398 

(  3  ) 

8.81443 

U  .  0  025 

(  3  ) 

228.63071 

0.9036 

(3) 

2.64484 

1.3691 

(3) 

63.89925 

6.3031 

(  3  ) 

VARIABLE 

entered  REMOVED 

T  3  2  5  6 

HUM  5 
PRES  4 
WO  2 
WS  3 


MULTIPLE 


R 

R  SO 

0  .  4  76  1 

0,2267 

0 .5650 

0.3193 

0.5891 

0.3471 

0.6108 

0.3731 

0.6109 

0.3732 

UF 

5 

25 


F  RATIO 
2.679 


(SS) 


VARIABLES  in  EQUATION 


26 


VARIABLE 


(CONSTANT 


UD 

WS 

PRES 

HUM 

T326 


2 

3 

4 

5 
7 


COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

-7495.62506 

) 

0 . 35472 

0.31145 

1 .2972 

(  3  ) 

4,64297 

7.90763 

0.3447 

(  3  ) 

269,11807 

229.03855 

1.38  0  6 

(  3  ) 

-2,64882 

2.66131 

0.99  06 

(3) 

-144.09188 

63.58581 

5.1352 

(  3  ) 

variable 

MULTIPLE 

RSO 

ENTERED  REMOVED 

R 

T  3  2  6 

7 

0.4140 

0.1714 

HUM 

5 

0 .5268 

0.2775 

WD 

2 

0,5588 

0.3123 

PRES 

4 

0 ,5830 

0 .3399 

WS 

3 

0.5907 

0.3489 

'‘WWHWilJ 
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OF  F  RATIO  2? 

5  2.152 

25 

VARIABLES  |N  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9272.17041  ) 

WD 

2 

0.35911  0.32272 

1.2382 

(  3  ) 

us 

3 

6.99701  8.00827 

0.7485 

(  3  ) 

PRtS 

4 

326.45296  234.10752 

1.9432 

(  3  ) 

HUM 

5 

-2.37714  2.89967 

0.6720 

(3) 

T327 

0 

-130.19232  74.36352 

3.0651 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R  RSO 

MS 

3 

0,3261)  0 

.1063 

PRES 

4 

0.4242  C 

.1800 

T32  7 

8 

0.4843  0 

.  2345 

WO 

2 

0.5311  0 

.2821 

HUM 

5 

0 . 5  4  B  5  0 

.  30  0  9 

DF 

F  RATIO 

28 

5 

2.157 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STO.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9260.66760  ) 

UD 

2 

0.36745 

0  .  32261 

1.2973 

(  3  ) 

US 

3 

6.94603 

0.0  9367 

0.7365 

(  3  ) 

PRES 

4 

326,21613 

234 .10291 

1.9418 

(  3  ) 

HUM 

5 

-2.43632 

2.91633 

0.6979 

(  3  ) 

T328 

9 

-131.57553 

74.88831 

3.0869 

(  3  ) 

VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

R 

RSO 

US 

3 

0.3260 

0.1063 

PRES 

4 

0.4242 

0.1800 

T328 

9 

0 .4826 

0.2331 

WO 

2 

0.5309 

0.2819 

HUM 

5 

0.5490 

0.3014 

1 

! 
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or  r  RATIO  20 

5  2,129 

25 

VARIABLES  IN  EOUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


1,5046  (3) 
0,7557  ( 3  > 
1.8169  ( 3  ) 
0.6316  (3) 
2.9769  (3) 


variable 

ENTERED  REMOVED 

MULTIPLE 

R 

RSQ 

US  3 

0.3260 

0.1063 

PRES  4 

0.4242 

U.180Q 

T329  10 

0.4778 

0.2283 

UD  2 

0.5300 

0.2809 

HUM  5 

0,5465 

0.2987 

(CONSTANT  *9016.71265  ) 

UD  2  0.39731  0.32390 

US  3  7,05471  8.11504 

PRES  4  317.04607  235.21345 

HUM  5  -2.29710  2.89038 

T329  10  *120.73350  69.97517 


Dr  F  RATIO  30 

5  2.081 

25 

VARIABLES  IN  EOUATION 

VARIABLE  COEFFICIENT  STD.  FRROR  F  TO  REMOVE 


(CONSTANT  -9203.87341  ) 

UO  2  0.40520  0,32540  1.5506(3) 

US  3  7.40547  8.10165  0.8355(3) 

PRES  4  322.68541  235,71748  1.8740  (3) 

HUM  5  -2,17013  2.88669  0.5652  (3) 

T330  11  -118.45199  70.95879  2.7866  (3) 


VARIABLE 

ENTERED  REMOVED 

US  3 
PRES  4 
T3  3  0  11 
UO  2 
HUM  5 


MULTIPLE 


R 

RSO 

0.3260 

0,1063 

0.42  42 

0.1800 

0.4739 

0.2246 

0.5271 

0,2779 

0.5421 

0.2938 

*3jpnir  "w*  w*i. 
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OF 

F  RATIO 

31 

5 

2.064 

25 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•9133.76101  ) 

W  D 

2 

0.39975  0.32556 

1.5077 

(3) 

WS 

3 

7.61421  fl. 06860 

0 .8905 

(3  ) 

PRES 

4 

320.30370  236.20636 

1.8388 

(  3  ) 

HUM 

5 

-2,19629  2.91196 

0.5689 

(  3  ) 

T331 

6 

-117.42099  71.19150 

2.7204 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED  R 

R  SO 

WS 

3 

0 .3260 

0.1063 

PRES 

4 

0.4242 

n  .  1800 

T  3  3  1 

6 

0 .4730 

0,2237 

WO 

2 

0.5254 

0,2761 

HUM 

5 

0.5405 

0.2922 

DF 

F  RATIO 

32 

5 

2.130 

25 

variables  in  equation 

VARIABLE 


COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 

-8785.51758 

) 

WD 

2 

0.39767 

0.32390 

1.50  7  4 

(  3  ) 

WS 

3 

7 , 3  1}  6  9  2 

8.03435 

0.82  71 

(  3  ) 

PRES 

4 

309,27338 

235.81466 

1  .  72  0  1 

(  3  ) 

HUM 

5 

-2.32563 

2.90027 

0  .  6  4  3  0 

(  3  ) 

T332 

7 

•120,69716 

69.93281 

2,9787 

(  3  ) 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSQ 

WS 

3 

0,3260 

0.1063 

PRES 

4 

0.4242 

0.1800 

T  3  3  2 

7 

0.4774 

0.2279 

WD 

2 

0,5298 

0.2807 

HUM 

5 

0.5465 

0,2987 

•"*“**  WffmpMy 


OP 

5 

29 


VARIABLE 


P  RATIO 
2.889 


(PS,SS) 


33 


VARIABLES  IN  EQUATION 
COEFFICIENT  STD.  ERROR  F  TO  REMOVE 
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(CONSTANT 


>6926.79641  ) 


WO 

2 

0.47069  0.31061 

2.2960 

(  3  1 

ws 

3 

4.66237  7.69740 

0.3707 

(3) 

PRES 

4 

291.13829  227,01345 

1.2238 

(3) 

MUH 

5 

-3.32265  2.73901 

1.4716 

(  3  ) 

T333 

8 

-192.77494  62.67364 

5.9420 

(3) 

VAKI ABLE 

MULTIPLE 

ENTERED 

REMOVED  R 

RSU 

T  3  3  3 

8 

0.3722 

0.1385 

MUM 

9 

0.5187 

0.2690 

MU 

2 

0.5778 

0.3338 

PRES 

4 

0.5970 

0.3565 

WS 

3 

0.6049 

0.3659 

DP 

F 

RATIO  (PS,SS) 

34 

5 

2 

.769 

29 


VARIABLE 


VARIABLES  IN  EQUATION 
COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 

-7074. 

32367  ) 

WD 

2 

0. 

45163  0.31203 

2.0949 

(  3  ) 

WS 

3 

5, 

02737  7  .  7  0  4  H  6 

U  .  4257 

(  3  ) 

PRES 

4 

255. 

350  47  22  8.6t>174 

1.2471 

(  3  ) 

HUM 

5 

•  3 . 

18218  2,75709 

1  .  3321 

(  3  ) 

T334 

9 

•144. 

71181  61.78270 

5.4862 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSO 

T3  34 

9 

0.3681 

0.1355 

HUM 

5 

0,5126 

0,2628 

WD 

2 

0.5682 

0.3228 

PRES 

4 

0.5877 

0.3454 

WS 

3 

0,5970 

0,3564 

or 

5 

25 


r  RATIO  (PS,SS) 
2.985 


35 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO 

REMOVE 

(CONSTANT 

•5186.03345  ) 

WD 

2 

0.37288  (1  .  3  1)546 

1 

.  4902 

(3) 

MS 

3 

2,93139  7.94083 

0 

.1363 

(3) 

PRES 

4 

194.78881  230.99890 

0 

.7111 

(3) 

HUM 

5 

-3.51490  2.74283 

1 

.  6422 

(  3  > 

T335 

10 

•164,05202  65.18371 

6 

.  3341 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R 

RSQ 

T  3  3  5 

10 

0.4319 

0.1865 

HUM 

5 

0,563a 

0.3178 

HD 

2 

0.5966 

0.3560 

PRES 

4 

0 .6086 

0.3704 

H  S 

3 

0.6114 

0.3738 

DF 

F  RATIO  (PS.SS) 

36 

5 

2.829 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STO.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•5362.27240 

) 

wn 

2 

0 .364  5  6 

0.30844 

1.3970 

(  3  ) 

HS 

3 

3.41803 

8.01591 

0.1018 

(  3  ) 

PRES 

4 

199,46091 

233.56002 

0.7293 

(  3  ) 

HUM 

5 

-3,23179 

2.74118 

1.3900 

(  3  ) 

T336 

11 

-154,44959 

64.55168 

5.7248 

(  3  ) 

variable  MULTIPLE 

ENTERED  REMOVED  R  RSQ 


T336 

11 

0.4285 

0 .1836 

HUM 

5 

0,5533 

0.3061 

HD 

2 

0.5854 

0.3426 

PRES 

4 

0.5973 

0.3567 

US 

3 

0.6011 

0.3614 

•*«  rimmmmm 


or 

r  RATIO 

37 

5 

1.825 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COFFf ICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

10110.09640  ) 

WO 

2 

0.40571 

0.34013 

1.4228 

(  3  ) 

NS 

3 

9.45425 

0.32660 

1.2092 

(3) 

PRES 

4 

349.06415 

241.93596 

2.0817 

(3) 

HUM 

5 

-1.27043 

2.90941 

0.1806 

(3) 

T337 

6 

-07.30335 

01.47028 

1.1483 

(3) 

148 


1 


VARIABLE  multiple 


ENTERED  REMOVED 

R 

R  SO 

MS 

3 

0.3260 

0.1063 

PRES 

4 

0.4034 

0 .2056 

WD 

2 

0.4000 

0.2304 

T337 

6 

0.5119 

0.2621 

HUM 

5 

0.0171 

0.2674 

DF 

F  RATIO 

38 

5 

1.855 

25 

VARIABLE 

VARIABLES  in  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9530.49407  ) 

HD 

2 

0.42016 

0 ,34162 

1.5126 

(3) 

NS 

3 

8.95794 

0 . 43906 

1.1265 

(  3  ) 

PRES 

4 

330.22354 

245.07655 

1.8156 

(3) 

HUM 

5 

-1.36028 

2 .97883 

0.2085 

(3) 

T338 

7 

•91.05213 

81.66284 

1.2651 

(3) 

variable  multiple 


ENTERED  REMOVEO 

R 

RSO 

j 

MS 

3 

0.3260 

0 .1063 

I 

PRES 

4 

0.4534 

0.2056 

MD 

2 

0.4800 

0.2304 

T330 

7 

0.5143 

0.2646 

| 

HUM 

5 

0.5202 

0.2706 

149 

or  F  RATIO  39 

5  1.809 

29 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFF ICIENT 

STO.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9398,90806 

) 

HD 

2 

0.40709 

0 . 34192 

1.4205 

(3) 

WS 

3 

9,24459 

8. 95266 

1.1683 

(3) 

PRES 

4 

324.04794 

249.56388 

1.6857 

(  3  ) 

HUM 

9 

-1.28044 

3.04106 

0.1773 

(3) 

T339 

8 

-67.93041 

84 .90698 

1.0725 

(3  ) 

VARIABLE 

MULT  I PLE 

ENTERED  REMOVED 

R  RSU 

us 

3 

0 

.  3260  0 

.1063 

PRES 

4 

0 

.  4934  0 

.  2056 

UO 

2 

0 

.  48  0  0  O 

.  230  4 

T  3  3  9 

8 

0 

.  5099  0 

.  260  0 

HUM 

5 

0 

.5150  O 

.  2652 

OF 

F  RATIO 

40 

5 

1.851 

25 

variables  in  equation 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9418,10767  ) 

HD 

2 

0.42210 

0.34229 

1.5207 

(  3  ) 

US 

3 

8,96285 

8 , 45646 

1.1234 

(3) 

PRES 

4 

326.42002 

246,25687 

1.7570 

(  3  ) 

HUH 

5 

-1.33196 

2.97037 

0.2011 

(  3  > 

T  3  4  0 

9 

•91,65600 

81.97088 

1.2503 

(  3  ) 

VARIABLE 

ENTERED  RE  MO  VE  0 

MULTIPLE 

R 

RSQ 

US 

3 

0,3260 

0.1063 

PRES 

4 

0.4534 

0.2056 

UD 

2 

0,4800 

0.2304 

T  3  4  0 

9 

0.5142 

0.2644 

HUM 

5 

0.5198 

0.2702 

umiwxiM 


w?*i 


150 


DF 

F  RATIO 

41 

5 

1.714 

25 

VARIABLES  IN  EQUATION 

VARIABLE 

COEFFICIENT 

STD.  ERROR  F  TO  REMOVE 

(CONSTANT 

10221.96338 

) 

UD  2 

0.40710 

0.34831  1.3660  (3) 

US  3 

10.17406 

8.60871  1.3967  (3) 

PRES  4 

350.67531 

247.01758  2.0154  (3) 

HUM  5 

•0.85702 

3.01035  0.0610  (3) 

T  3  4 1  10 

-71.06031 

83.55979  0.7236  (3) 

variable 

MULTIPLE 

ENTERED 

REMOVED  . 

R  RSO 

US  3 

0 

,3260  0.1063 

PRES  4 

0 

,4534  0.2056 

UD  2 

0 

,4800  0.2304 

T  3  4 1  10 

0 

,502V  0.2529 

HUM  5 

0 

,5053  0,2553 

DF 

5 

25 


VARIABLE 


F  RATIO  42 

1.671 

variables  in  equation 

COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


<  CONSTANT 
WO  2 
WS  3 
PRES  4 
HUM  5 
T342  11 


10148.68079 

0.39757 

10,82916 

346.94997 

•0,64183 

•61.17206 


0.34954 
8.52613 
252 . 06776 
2 . 99931 
81 .66842 


1.2937  (3) 
1,6132  (3) 
1 ,8945  (3) 
0.0458  (3) 
0,5608  (3) 


variable 

ENTERED  REMOVED 

US  3 
PRES  4 
UD  2 
T342  11 
HUM  5 


multiple 


R 

RSQ 

0.3260 

0,1063 

0.4534 

0.2056 

0.4800 

0.2304 

0,4992 

0.2492 

0,5005 

0.2505 

vyH  a.rff-wtf**  **«*••  w 


F  RATIO 
1.664 


VARIABLES  IN  EQUATION 


VARIABLE 


COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 


10154.74292  ) 


UD 

2 

0.39809  0.35065 

1  .  2  8  89 

(3  ) 

MS 

3 

10.93991  8,51525 

1.6506 

(  3  ) 

PRES 

4 

346.8972?  25?.91?47 

1.8813 

(3) 

HUM 

5 

•0,59471  2.98999 

0 .0396 

(3  ) 

T  34  3 

6 

•59.82579  81.92356 

0.5333 

(3  ) 

variable 

MULTIPLE 

ENTERED 

REMOVED  R  RSO 

US 

3 

0.3260  0 

.1063 

PRES 

4 

0.4534  0 

,2056 

NO 

2 

0.4800  0 

.  2304 

T343 

6 

0.4985  0 

.  2485 

HUM 

5 

0.4997  0 

.  2497 

DF 

F 

RATIO 

5 

1. 

629 

25 

variables  in  equation 

VARIABLE 

COEFFICIENT  STD,  ERROR 

F  TO  REMOVE 

(CONSTANT 

10406.23621  ) 

UD 

2 

0,38590  0.35063 

1.2118 

(  3  ) 

US 

3 

11.29540  8,66348 

1 .6999 

(  3  ) 

PRES 

4 

354.60892  253.88762 

1,9508 

(  .3  ) 

HUM 

5 

-0.46650  3.05305 

0 .0233 

(  3  ) 

T344 

7 

•53,95984  85.49606 

0.3983 

(3) 

VARIABLE 

MULTIPLE 

ENTERED 

REMOVED  R  RSO 

US 

3 

0.3260  0 

.1063 

PRES 

4 

0.4534  0 

.  20  56 

UD 

2 

0.4800  0 

.  230  4 

T  3  4  4 

7 

0.4950  0 

.  2450 

HUM 

5 

0,4957  0 

,  2457 

..VXWH 


V 


*&*#  ¥*•  *W*r,w 


or 

r  PATIO 

45 

5 

1.657 

25 

VARIABLE 

VARIABLES  JN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

HD  2 

10775.92761  ) 
0.39732 

0.35137 

1.2787 

(3) 

WS 

3 

10.94509 

8.59772 

1.6206 

(3) 

PRES 

4 

351. 0U084 

251.92172 

1.9413 

(3) 

HUM 

5 

-0.59647 

3.02600 

0.0389 

(3) 

T345 

8 

-61.16173 

86.10662 

0.5045 

(3) 

VARIABLE  MULTIPLE 


ENTERED  RE  MO  VE  0 

R 

RSO 

us 

3 

0 .3263 

0.1063 

PRES 

4 

0.4534 

0.2056 

HI) 

2 

0.4800 

0.2304 

T34  5 

8 

0.4977 

0.2477 

HUM 

5 

0.4989 

0.2489 

DF 

F  RATIO 

46 

5 

1.646 

25 

variables  in  eouation 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

10324.96667 

) 

un 

2 

0.30744 

0.34876 

1 .2342 

(3) 

US 

3 

11  .11930 

8.57916 

1.6798 

(  3  ) 

PRES 

4 

352.26337 

252.61868 

1.9445 

(3) 

HUM 

5 

-0.51615 

3.00438 

0.0295 

(3) 

T346 

9 

-57.70427 

64.67111 

0.4645 

(3) 

variable  MULTIPLE 


ENTERED  REMOVED 

R 

RSO 

WS 

3 

0.3260 

0.1063 

PRES 

4 

0.4534 

0.2056 

HD 

2 

0.4800 

0.2304 

T346 

9 

0.4966 

0.2468 

HUM 

5 

0.4977 

0.2477 

yrv»t»f  ■  ^ •<. 


.,  «*& 


or 

r  RATIO 

47 

5 

1.672 

25 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

10170.16370 

) 

UD 

2 

0.39878 

0.34996 

1.2985 

(3) 

WS 

3 

10.50688 

8.76262 

1.4312 

(3) 

PRES 

4 

347.82140 

251.64732 

1.9104 

(  3  ) 

HUM 

5 

-0.63081 

2.98846 

0.0446 

(3) 

T347 

10 

-64.04284 

85.41138 

0.5622 

(3) 

153 


VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSO 

US 

3 

0 .3260 

0 .1063 

PRES 

4 

0.4534 

0.2056 

UD 

2 

0 . 4800 

0.2304 

T  3  4  7 

10 

0 ,4992 

0,2492 

HUM 

5 

0.5006 

0 . 25U6 

DF 

F  RATIO 

48 

5 

1.736 

25 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD,  ERROR 

F  TO  REMOVE 

(CONSTANT 

-95M4 .4H743 

) 

UD 

2 

0.42338 

0.35160 

1.4500 

(  3  ) 

US 

3 

9.64761 

8 .76457 

1.2061 

(  3  ) 

PRES 

4 

329,98383 

252.66937 

1.7057 

(  3  ) 

HUM 

5 

-0.93977 

2.99904 

0 .0962 

(  3  ) 

T348 

11 

-79.36220 

88.19145 

0.8096 

(3) 

variable  MULTIPLE 


ENTERED  REMOVED 

R 

RSQ 

US 

3 

0.3260 

0.1063 

PRES 

4 

0.4534 

0,2056 

uo 

2 

0.4  8  0  0 

0.2304 

T348 

11 

0,5048 

0,2549 

HUM 

5 

0.5077 

0.2578 

or  r  ratio  ^9 

5  1.785 

25 


VAR  I  ABIES  IN  EQUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-8975,05664 

) 

MD  2 

0.43416 

0  .  350  38 

1.5354 

(  3  ) 

NS  3 

9,05090 

8.79933 

1 .0580 

(  3  ) 

PRES  4 

310.60344 

255 , 79864 

1.4  7  4  4 

(3) 

HUM  5 

-1.11089 

2.93691 

0.1403 

(3) 

T  3  49  6 

-87.89530 

88.02591 

0.9970 

(3) 

variable 

MULTI PLE 

ENTERED  REMOVED 

R  RSO 

MS  3 

0 

.  3260  0 

.1063 

PRES  4 

0 

.  4534  0 

.  2  0  56 

WD  2 

0 

.4800  0 

.  2  30  4 

T349  6 

0 

,5089  0 

.  2590 

HUM  5 

0 

.5129  0 

,  26  31 

ur 

F  RATIO 

50 

5 

1.818 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-8865.95020  ) 

WD 

2 

0,44347  0.35036  1.6021 

(  3  ) 

ws 

3 

8.78679  8.73995  1.0107 

(  3  ) 

PRES 

4 

307.73227  254.12073  1.4664 

(  3  ) 

HUM 

5 

-1.30165  3.02248  0.1855 

(  3  ) 

T  3  5  0 

7 

-93,59868  88.28971  1.1239 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED  R  RSO 

MS 

3 

0,3260  0.1063 

PRES 

4 

0,4534  0.2056 

WD 

2 

0.4800  0.2304 

T  35  0 

7 

0.5111  0.2613 

HUM 

5 

0.5164  0.2667 

...  ■..*►,  >~  *<  •«*«  *W5WW  •"If"**- 


or 

F 

RATIO 

51 

$ 

1 

.786 

25 

VARIABLES  IN  EOUATION 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•9802.40344  ) 

HD 

2 

0.43133  0.34944 

1.5236 

(3) 

US 

3 

9.06044  8.76930 

1.0626 

(3) 

PRES 

4 

312.05768  255.19252 

1.4953 

(  3  ) 

HUM 

5 

-1.29969  3.10352 

0.1754 

(3  ) 

T351 

8 

•89.73219  89.76843 

0.9992 

(3) 

VARIABLE 

MULTIPLE 

ENTERED 

REMOVED  R  RSQ 

HS 

3 

0.3260  0 

.1063 

PRES 

4 

0.4534  0 

.2056 

UD 

?. 

0.480  0  0 

.  2304 

T  3  5  l 

8 

0.5079  0 

.2580 

HUM 

5 

0.5130  0 

.2632 

DF 

F 

RATIO 

52 

5 

1 

.752 

25 

VARIABLES  IN  EOUATION 

VARIABLE 

COEFFICIENT  STD,  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9030.66638  ) 

HD 

2 

0,42820  0.35165 

1.4828 

(  3  ) 

HS 

3 

9.23285  8.93940 

1.0667 

(  3  ) 

PRES 

4 

312,47562  258,29160 

1.4636 

(  3  ) 

HUM 

5 

-1.19923  3.13607 

0.1462 

(  3  ) 

T352 

9 

-85.25391  91.44084 

0.8693 

(3) 

VARIABLE 

MULTIPLE 

entered 

REMOVED  H  RSO 

HS 

3 

0.3260  0 

.1063 

PRES 

4 

0.4534  0 

.  20  56 

HO 

2 

0.4800  0 

.  230  4 

T352 

9 

0,5051  0 

.  2551 

HUM 

5 

0.5094  0 

.2595 

mw*r*r* 


Jim n+i****-™tir#*+r)tr*,v*+W*+t*1*l*i**  • 


or  r  RATIO 

5  1*756 

25 


53 


156 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT 

STO.  ERROR  F  TO 

REMOVE 

(CONSTANT 

•9040.64795 

) 

WD 

2 

0.42804 

0.35120  1 

.  4855 

(3) 

w$ 

3 

9.25662 

8.89083  1 

.  0840 

(  3  ) 

PRES 

4 

312.94828 

257.68509  1 

.  4  749 

(  3  ) 

HUM 

5 

•1.22094 

3.13922  0 

.1513 

(3) 

T  353 

10 

•86.61677 

92.12625  0 

.8840 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R  R  SO 

NS 

3 

0 

.3260  0.1063 

PRES 

4 

0 

.4534  0.2056 

wn 

2 

0 

.4800  0.2304 

T  3  5  3 

10 

0 

.5054  0,2554 

HUM 

5 

0 

,5096  0,2599 

DF 

F  RATIO 

& 

5 

1.718 

25 

VARIABLE 

VARIABLES  in  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•9478,40125  ) 

UD 

2 

0,41458 

0.35051 

1.3990 

(  3  ) 

ws 

3 

9.95214 

8.73453 

1.2  982 

(  3  > 

PRES 

4 

326.22462 

256.06399 

1.6231 

(  3  ) 

HUM 

5 

-0.94224 

3.06192 

0.0  94  7 

(  3  ) 

T354 

11 

-76.52773 

89.09350 

0.7378 

(  3  > 

VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSU 

WS 

3 

0.3260 

0.1063 

PRES 

4 

0.4534 

0.2056 

WO 

2 

0.4800 

0.2304 

T  3  5  4 

11 

0,5029 

0.2529 

HUM 

5 

0.5057 

0.2557 

■»»»'  rw*w*«*.  th****. 


or 

9 

29 


r  RATIO 
1.696 


55 


157 


VAR  I  AfH.ES  |N  EQUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9488.70447 

) 

UD 

2 

0.41396 

0.35282 

1.3766 

(3) 

US 

3 

•  0,0  7978 

8.85192 

1.2967 

(3) 

PRES 

4 

3 <6. 20931 

258 .70000 

1.5900 

(3) 

HUM 

5 

-0.87855 

3.09359 

0.0807 

(3) 

T  3  55 

6 

-74.26577 

91.75977 

0.6550 

(3) 

variable 

MULTIPLE 

ENTERED 

REMOVED 

R  RSQ 

US 

3 

0 

.  3260  0 

.1063 

PRES 

4 

0 

.  4534  0 

.  20  56 

UD 

2 

0 

.  4  800  0 

.  230  4 

T359 

6 

0 

.5009  0 

.2509 

HUM 

5 

0 

.  5033  0 

.2533 

DF 

F  RATIO 

56 

9  1.682 

25 

variables  in  equation 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  -9500,84473 

UO  2  0,40821 

US  3  10.35983 

PRES  4  326,41705 

HUH  5  -0.81001 

T356  7  -70.43656 

VARIABLE 

ENTERED  REMOVED  R 


0.35242  1.3416  (3) 

8.78934  1.3893  <3> 

260,60745  1.5679  (3) 

3,09008  0,0684  (3) 

90.96487  0.5996  (3) 

MULTIPLE 

RSQ 


US  3 
PRES  4 
UD  2 
T356  7 

HUM  5 


0.3260  0.1063 
0.4534  0.2056 
0.4000  0.2304 
0.4996  0.2496 
0.5017  0.2517 


A 

i 


■™TfWHr  "" 


m Hu 

yr*-.',}  T'i-V 


or 

r  RATIO 

57 

5 

1.624 

25 

VARIABLE 

VARIABLES  IN  EOUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

10158.52588 

) 

MD 

2 

0.40319 

0 .36066 

1.2497 

(3) 

US 

3 

10.99891 

9.05258 

1.4  762 

(3  ) 

PRES 

4 

346.39918 

259.67389 

1.7795 

(  3  ) 

HUM 

5 

•0.45419 

3.07396 

0 .0218 

(3) 

T357 

8 

-56.63714 

92.07285 

0.3784 

(  3  ) 

158 


VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSO 

US 

3 

0.3  26  0 

0.1063 

PRES 

4 

0.45  34 

0.2056 

UU 

2 

0.4800 

0.2304 

T  35  7 

8 

0.4  945 

0.2445 

HUM 

5 

0.495  1 

0.2452 

DF 

F  RATIO 

5a 

5 

1.562 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

11170.48682 

) 

HD 

2 

0.37649 

0 .36652 

1.0551 

(  3  ) 

US 

3 

12.64590 

8,66255 

?  .  1  3  1 1 

(  3  ) 

PRES 

4 

376,9592? 

254.63775 

2.1915 

(  3  ) 

HUM 

5 

0 ,1659  0 

2.86033 

U  .  0  0  3  4 

(  3  ) 

T358 

9 

-30,69139 

81.48115 

0.1419 

(  3  ) 

variable  multiple 


ENTER!:  U  REM0VE0 

H 

R  SO 

US 

3 

0.3260 

0.1063 

PRES 

4 

0.4534 

0,2056 

un 

2 

0.4800 

0.2304 

T358 

9 

0.4878 

0.2380 

HUM 

5 

0.4879 

0.2381 

or 

5 

29 


59 


F  RATIO 
1.959 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

r  to 

REMOVE 

(CONSTANT 

1  1  1  75, 58838  ) 

WO 

2 

0.37444  0.36666 

1 

.  0  4  2  9 

(3) 

US 

3 

12,71615  8. 67160 

2 

.1510 

(  3  ) 

PRES 

4 

377.01344  255. 81768 

? 

.1720 

(  3  ) 

HUH 

5 

0.16410  2.85994 

0 

.  0  0  4  1 

(  3  ) 

T359 

10 

-29.66450  81.96505 

0 

.1309 

(  3  ) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R  R$U 

WS 

3 

0.3260  0 

.1063 

PRES 

4 

0,4534  0 

.  2  0  56 

WD 

2 

0.4800  0 

.  23  0  4 

T  3  5  9 

10 

0.4374  0 

.  2  3  76 

HUM 

5 

0.4876  0 

.  2  37  7 

DF 

F  RATIO 

60 

5 

1.581 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONS 

TANT 

10871,76870  ) 

wn 

2 

0,38838  0.36560 

1.1273 

(  3  ) 

US 

3 

12,11540  8,76564 

1.9104 

(  3  ) 

PRES 

4 

367.75674  255.71781 

2.0682 

(  3  ) 

HUM 

5 

0.03433  2,63824 

0.0001 

(  3  ) 

T  3  6  0 

11 

-37.09714  80.19133 

0.2140 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED  R 

RSQ 

US 

3 

0,3260 

0.1063 

PRES 

4 

0 .4534 

0.2056 

uo 

2 

0.4800 

0,230  4 

T  3  6  0 

11 

0.4901 

0.24  02 

HUM 

5 

0.4901 

0.24  0  2 

or 

5 

25 


F  RATIO 
1.599 


61 


160 


VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REHOVE 


(CONSTANT  10560.26196  ) 


N  D 

2 

0.39876 

0.36583  1.1882 

(3) 

NS 

3 

11.77310 

8.72542  1.8206 

(  3  ) 

PRES 

4 

357.939BQ 

257.90084  1.9263 

(  3  ) 

HUN 

5 

-0.05460 

2.81272  0.0004 

(  3  ) 

T361 

6 

•43.37643 

81.59054  0.2826 

(3  ) 

variable 

MULTI PLE 

ENTERED  REMOVED 

R 

RSO 

NS 

3 

0. 

3260  0.1063 

PRES 

4 

0. 

4534  0.2056 

WO 

2 

0. 

4800  0.2304 

T  3  6  1 

6 

0. 

4922  0.2423 

HUN 

5 

0. 

4922  0.2423 

DF  F  RATIO  62 

5  1.606 

25 


VARIABLES  IN  EUUATION 


VARIABLE 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

10464,46655 

) 

NO 

2 

0.40489 

0.36746 

1.2141 

(  J  ) 

NS 

3 

11.71768 

0.63733 

1.84  0  5 

(  3  ) 

PRES 

4 

354.92918 

258.18075 

1 .8899 

<  3  ) 

HUM 

5 

•0.10807 

2,82587 

0.0015 

(  3  ) 

T362 

7 

-45,23054 

01.23239 

0.3100 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R  RSO 

NS 

3 

0 

.  3260  0 

.1063 

PRES 

4 

0 

.  4534  0 

.  2056 

WO 

2 

0 

,  480  0  0 

.  2304 

T  3  6  2 

7 

0 

.  4930  0 

.  2431 

HUM 

5 

0 

.  4931  0 

.2431 

or 

r  RATIO 

63 

5 

1.610 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STO.  ERROR 

r  TO  REMOVE 

(CONSTANT 

10399,83508  ) 

WD 

2 

0.4U660  0.36704  1.2272 

(  3  ) 

MS 

3 

11,64967  8.62709  1.8235 

(  3  ) 

PRES 

4 

352.80016  258.57347  1.8616 

(  3  ) 

HUM 

9 

-0. 15385  2.84750  0.00  29 

(  3  ) 

T  3  6  3 

8 

•46.05396  80.58486  0.3266 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED  R  RSQ 

MS 

3 

0.3260  0.1063 

PRES 

4 

0.4534  0.2056 

MO 

2 

0  .  4  6  0  U  0.2  3  04 

T  36  3 

a 

0.4935  0.2435 

HUM 

5 

0.4935  0,2436 

or 

F  RATIO 

64 

5 

1.604 

25 

VARIABLE 

VARIABLES  1 N  EQUATION 

COEFFICIENT  STD,  ERROR 

F  TO  REMOVE 

(CONSTANT 

10335.90975 

> 

WD 

2 

0.40275 

0,36673 

1.2061 

(  3  ) 

MS 

3 

11.71504 

n . 682  0  5 

1.8207 

(  3  ) 

PRES 

4 

350.73155 

261 . 69496 

1.7962 

(  3  ) 

HUM 

5 

-0.15109 

?  .  8  i  3  O  4 

0 . U  027 

(  3  > 

T364 

9 

-45.20994 

82.26275 

0.3020 

(  3  ) 

VAR  I  ABLE 

ENTERED  REMOVED 

MULT  1 PLfc 
R 

RSQ 

MS 

3 

0 .3260 

0.1063 

PRES 

4 

0 ,4534 

0.2056 

MD 

2 

0  .  480  0 

0.2304 

T  3  6  4 

9 

0.492  7 

0.2428 

HUM 

5 

0.4928 

0.2429 

VARIABLES  |N  EQUATION 

' 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REHOVE 

i 

i 


(CONSTANT 

-9817,12781 

1 

MO 

2 

0.42578 

0.36837  1.3360 

(3) 

MS 

3 

11.11652 

8.59738  1.6719 

(3) 

PRES 

4 

334.43501 

262.64554  1.6214 

(3) 

HUH 

5 

-0.33441 

2.84851)  0.01  38 

(3) 

T365 

10 

-55.38683 

81.67797  0.4598 

(3) 

variable 

MULTIPLE 

ENTFREO  REMOVED  .  R 

RSQ 

MS 

3 

0  . 

3260  0.1063 

PRES 

4 

0. 

4534  0.2056 

MD 

2 

0. 

4800  0.2304 

T368 

10 

0. 

4971  0.24/2 

HUM 

5 

0. 

4976  0.2476 

OF 

F  RATIO 

66 

5 

1.641 

25 

VARIABLE 

VARIABLES  |N  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

•9863.80078  ) 

MD 

2 

0,42658 

0.37005 

1.3289 

(  3  ) 

MS 

3 

11.16309 

8.61008 

1.6809 

(  3  ) 

PRES 

4 

335.86055 

26?,  6  0688 

1.6357 

(  3  ) 

HUM 

5 

•0,30384 

2.83893 

0.0115 

(3) 

T366 

11 

-54,54125 

81.81361 

0.4444 

(  3  ) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVEO 

R 

RSO 

us 

3 

0.3260 

0.1063 

PRES 

4 

0.4534 

0.2056 

MD 

2 

0 .480  0 

0.2304 

T366 

11 

0 ,4968 

0.2468 

HUH 

5 

0.4971 

0.2471 

L 


*7rr 


or 

r  RATIO 

67 

5 

1.595 

25 

variable 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

MD  2 

10382.64392  ) 
0.40156 

0 .36979 

1.1792 

(3) 

MS 

3 

11.92450 

8 .645  02 

1.9026 

(3) 

PRES 

4 

361.92786 

263.69996 

1.7811 

(3) 

HUM 

5 

•0.08405 

2,87195 

0.0009 

(3) 

T367 

6 

•43.12258 

83.51263 

0.2666 

(3) 

163 


VAR i able  multiple 


ENTERED  REMOVED 

R 

RSO 

MS 

3 

0.3260 

0.1063 

PRES 

4 

0.4634 

0.2086 

MD 

2 

0.4800 

0.2304 

T36  7 

6 

0.4917 

0.2416 

HUM 

5 

0.4917 

0.2418 

DF 

F  RATIO 

68 

5 

1.624 

25 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9943.36072 

> 

MO 

2 

0.41958 

0.37100 

1.2791 

(  3  ) 

MS 

3 

11.42286 

8.61671 

1.7574 

(  1  ) 

PRFS 

4 

338.20259 

265.07110 

1.6279 

(  3  ) 

HUM 

5 

-0.26230 

2.87660 

U .  0  0  83 

(3  ) 

T368 

7 

-52.35504 

84.94462 

U.3799 

(3) 

VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

R 

RSQ 

MS 

3 

0,3260 

0.1063 

PRES 

4 

0.4534 

0.2056 

M0 

2 

0 .480  0 

0.2304 

T368 

7 

0.4949 

0.2449 

HUM 

5 

0.4952 

0.2452 

164 


df 

r  RATIO 

69 

5 

1.662 

29 

variables  in  equation 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9582.44763 

) 

WO 

2 

0.42813 

0.36544  1.3725 

(3) 

US 

3 

10 .92855 

8.55277  1.6327 

(3) 

PRES 

4 

327.03312 

263.78175  1.5371 

(3) 

HUM 

5 

-0.41506 

2.86100  0.0212 

(3) 

T369 

8 

-60.35477 

83.40685  0.5236 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R  RSU 

US 

3 

0 

,3260  0,1063 

PRES 

4 

0 

,4534  0.2066 

U  i) 

2 

0 

,4400  0,2304 

T  3  6  9 

8 

n 

,498b  0.2488 

HUM 

s 

0 

.4994  0.2494 

DF 

F  RATIO 

70 

5 

1.724 

25 

variables  in  equation 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

-9197,02429 

) 

UD 

2 

0 . 4  4838 

0,36333  1.5229 

(  3  ) 

US 

3 

10.12663 

B. 5 6 675  1.4006 

(  3  ) 

PRES 

4 

315.50148 

260.18261  1.4704 

(  3  ) 

HUM 

5 

-0 .63368 

2,82404  0.0503 

(  3  ) 

T  3  7  0 

9 

-72.90417 

83.59065  0.7623 

(3) 

variable 

MULTIPLE 

ENTEHED  REMOVED 

R  RSQ 

US 

3 

0 

,3260  0.1063 

PRES 

4 

0 

.4534  0.2056 

U  (! 

2 

0 

,4800  0.2304 

T37  0 

9 

0 

,5049  0.2549 

HUM 

5 

0 

.5064  0.2564 

[1:4m 


f  .  1 

K 

4 


OF  F  RATIO  71  165 

5  1.750 

25 

variables  in  equation 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  -8890, 67069  ) 


U0 

2 

0 .45275 

0.36129  1.5704 

(  3  ) 

MS 

3 

9 .68379 

8.65318  1.2524 

(3) 

PRES 

4 

305.98003 

261.43475  1.3698 

(3) 

HUM 

5 

-0,75707 

2.84251  0.0709 

(  3  ) 

T  3  7 1 

10 

-78.65624 

84.79306  0.8605 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R  RSO 

WS 

3 

0 

.3260  0.1063 

PRES 

4 

0 

.4534  0.2056 

WO 

2 

0 

.4800  0.2304 

T  3  7  1 

10 

0 

.5071  0.2571 

HUM 

5 

0 

.5091  0.2592 

DF  F  RATIO  72 

5  1.759 

25 

VARIABLES  |N  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 
WD  2 
WS  3 
PRES  A 
HUM  5 
T  3  7  2  11 

f 


-8906.60950  ) 

0  .  A  5  0  4  6  0,35909 

9,55369  8.66878 

306,79160  259.99551 

-0.82185  2.86194 

-79.76182  84,26525 


1.5737  (3) 
1.2146  (3) 
1,3924  (3) 
0 .0825  ( 3 ) 
0.8960  (3) 


VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

WS 

3 

0.3260 

0.1063 

PRFS 

4 

0,4534 

0.2056 

W  0 

2 

0,4800 

0.2304 

T  3  7  2 

11 

0.5077 

0.2578 

HUM 

5 

0.5101 

0.2602 

APPENDIX  C 


FAILURE  GROUP  THREE  (PIGA  FAILURES) 

VERSUS  ENVIRONMENTAL  GROUPS  A,  B,  AND  C 

This  appendix  is  divided  into  three  sub-appendices. 
Appendices  C-l,  C-2,  and  C-3  contain  respectively  the 
equations  that  resulted  from  regressing  TBSF  of  PIGA 
failures  against  environmental  groups  A,  B,  and  C.  The 
appropriate  F-distribution  values  for  the  appendix  are 
listed  in  Figure  29  on  page  99. 


Preceding  pege  blank 


APPENDIX  C-l 

FAILURE  GROUP  THREE  (PIGA  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  A 


168 


uf 

r  RATIO 

5 

0.724 

7 1 

VAR  I  A8LES 

(N  EQUATION 

VARIABLE 

COEFF  1CIENT 

STD.  ERROR  F  TO  REMOVE 

(CONSTANT 

10 -3  4.8*475  ) 

TEMP 

2 

•  0 . 7060  8  0  .  7  0  9  1  8 

1.2286 

(  3  ) 

MO 

3 

0 .00164  0.11911 

0.0  0  0  2 

(  3  ) 

MS 

4 

0.00924  2.64379 

0  .  0  0  0  0 

(  3  ) 

PRES 

5 

•32.06063  67.  9  7281 

0.2225 

(3) 

HUM 

6 

0.85904  0.80180 

1.1479 

(  3  ) 

variable 

MOL  1 I  RLE 

ENTERED  REMOVED  R 

RSU 

HiJM 

6 

0.1776 

0.0315 

TEMP 

2 

0.2129 

0.0453 

PRES 

5 

0.2203 

0 . u  4  85 

M  (J 

J 

0  .  2  2  0  ^ 

0  .  0  4  c  5 

4  0.2203  0  » 0  4  b  5 


169 


APPENDIX  C-2 


FAILURE  GROUP  THREE  (PIGA  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  B 


170 


DP  F  RATIO  1 

5  1,265 

71 

VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 
MO  2 
WS  3 
PRES  4 
HUM  5 
T  2  6  6 


27 J 9, 04254 
-0.01983 
-0,19301 
-H7. 01939 
0 . 6  8  4  V  8 
-1.25755 


0  .  U731 
2 .60511 
65.19562 
0.77671 
0 .67456 


0.0  266  (  3  ) 
It .  0  0  5  5  (  3  ) 
1.7815  ( 3  ) 
0.7766  ( 3 1 
3.4754  (3) 


variable 

ENTERED  REMOVED 

T  2  6  6 

PRES  4 
HUM  5 
NO  2 
NS  3 


MULT  IPLE 


R 

RSO 

0.1698 

0  .  0  360 

0  .  2  65  0 

0.0702 

0,2652 

0.0814 

0.2859 

0.0817 

0 .2860 

0.0818 

OF 


F  RATIO 


5 

1.492 

71 

variables 

|  N  EUUA  T 1  ON 

VARIABLE 

COEFF 1C IENT 

STD.  ERROR 

V  TO 

REMOVE 

(CONSTANT 

2909. 08582 

) 

NO 

2 

-0.01157 

0,11559 

0 

.0100 

(  3  ) 

WS 

3 

-0.17431 

2 .56482 

0 

.  0  0  4  5 

(  3  ) 

PRFS 

4 

-92.75801 

64,46670 

2 

.  0  7  0  3 

(  3  ) 

HUM 

5 

0 . 80166 

0  ,  7  J  4  6  4 

1 

.2146 

(  3  ) 

T  2  1  2 

7 

-1,45254 

0,67963 

4 

.  56  79 

(  3  ) 

VARIABLE 

MULTIPLt 

ENTERED 

REMOVED 

n 

RSQ 

T  2  l  2 

7 

0 

,19  9  9 

0  .  0  4  0  0 

PRES 

4 

0 

.  2795 

0.0781 

MUM 

5 

0 

.  3  0  8  0 

0  .  0  94  9 

Wl) 

2 

0 

.  3082 

II  .  0  9  5  0 

ws 

3 

0 

.3083 

0.0951 

171 


1.413 

VARIABLES  IN  EUUATION 


VARIABLE  COEFFICIENT  STU.  ERROR  F  TO  REMOVE 


(CONSTANT  2824,02975  ) 


HD 

2 

*0.00340 

MS 

3 

-0 .29910 

PRES 

4 

-VO . 08183 

HUM 

5 

0  .  8H233 

T  2  1 8 

8 

-1 . 444V2 

variable 

ENTERED  REMOVED 


f  2  i  8  8  n 

PRES  4  0 

huh  ;  n 

NS  3  0 

M  U  2  0 


0.11554  0*0009  (3) 

2.50784  0.0134  (3) 

64,54742  1.9477  (3) 

0,75427  1.3684  (3) 

0.70599  4.1889  (3) 

MULTIPLE 

RSU 

1872  0,0350 

2667  0.0711 

3005  0.0903 

3008  0.0905 

300b  0.0905 


OF  F  RATIO  4 

5  1.238 

71 

VARIABLES  (N  EQUATION 


VARIABLE 

j 

COEFFICIENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

2620.05472 

) 

MD 

2 

-  0  .  0  0  5  1  3 

0 .11638 

0.0019 

(  3  ) 

MS 

3 

-0.37704 

2.60116 

0.0210 

(  3  ) 

PRES 

4 

-83. 41908 

64.65270 

1.6648 

(  3  ) 

HUM 

5 

0,87137 

0,76001 

1.3145 

(  3  ) 

T  2  2  4 

9 

-1.32370 

0 .72363 

3,3443 

(  3  > 

VARIABLE  MULTIPLE 

ENTERED  REMOVED  R  RSQ 


0.1776  0.0315 
0.2412  0.0582 
0.2826  0.0799 
0.2831  0.0801 
0,2831  0.0802 


HUM  5 
T224  9 

PRES  4 
MS  3 
MO  2 


'.  1  'Pp 


or 

5 

71 


VARIABLE 


r  RATIO 
1.269 


173 


VARIABLES  IN  EQUATION 
COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 


2610.55334  ) 


WD 

2 

-0.00613  0.11629 

0.0028 

(  3  ) 

wS 

3 

•0.35825  2.59886 

0.0190 

(3) 

PRES 

4 

-83.04681  64.29249 

1.6685 

(  3  ) 

HUM 

5 

0.86839  0,75933 

1.3019 

(  3  ) 

T230 

10 

-1.35017  0.72210 

3.4961 

(3) 

VARIABLE  MULTIPLE 

ENTERED 

removeo  r  rso 

HUM 

5 

0.1776  0. 

0315 

T  2  3  0 

10 

0.2450  0. 

0  6  0  0 

PRES 

4 

0.2860  0. 

0818 

W  S 

3 

0.2864  0. 

0820 

WD 

2 

0.2864  0 . 

0  820 

DF 

F  RATIO 

6 

5 

1.295 

71 

m 

VARIABLES  IN  EOUATION 

VARIABLE 

COEFFICIENT  STU.  ERROR 

F  TO  REMOVE 

(CONSTANT 

2599,24710  ) 

WD 

2 

•0.00341  0.11604 

0.0009 

(  3  ) 

WS 

3 

-0.36208  2.59649 

0.0195 

(  3  ) 

PPES 

4 

•82.74196  64.01663 

1.6706 

(  3  ) 

HUM 

5 

0  .  9  0  4  8  6  0.7  5653 

1.4306 

(  3  ) 

T  2  36 

11 

-1.36802  0.71903 

3.6199 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

HUM  5 

0.1776 

0.0315 

T  2  3  6  1  1 

0.2480 

0.0615 

PRES  4 

0.2886 

0.0833 

WS  3 

0.2891 

0.0836 

W0  2 

0.2891 

0.0636 

7 


d r  r  ratio 

5  1.254 

71 

VARIABLES  IN  EOUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO 


(CONSTANT  2558,16379  ) 


WO 

2 

0.00072 

0 .11603 

us 

3 

•0.44689 

2 .59832 

PRES 

4 

61.45021 

64.09270 

HUM 

5 

0 .91565 

0 .75721 

T  2  4  2 

6 

-1.34230 

0.72578 

VARIABLE 

MULTI PLE 

ENTERED  REMOVED 

R  KSO 

HUM 

5 

0 

.1776  0,0315 

T  2  4  2 

6 

0 

.2444  0,0598 

PRES 

4 

0 

.2841  0.0807 

US 

3 

0 

.2848  0.0811 

un 

2 

0 

.2848  0.0811 

OF  F  RATIO 

5  1.196 

71 

VARIABLES  in  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO 


(CONSTANT  2460,44903  ) 


uo 

2 

0.00123  0.11625 

US 

3 

-0,46500  2.60292 

PRES 

4 

•78.24568  6J.  9  0  80  1 

HUM 

5 

0.90103  0,75955 

T248 

7 

-1,28740  0.72588 

variable 

MULTIPLE 

ENTEREO  REMOVED 

R  RSQ 

HUM 

5 

0,1776  0.0315 

T  2  4  8 

7 

0.2405  0.0578 

PRES 

4 

0.2780  0.0773 

us 

3 

0.2788  0.0777 

UD 

2 

0.2788  0.0777 

REMOVE 


.0000  (3) 
.0296  (3) 
.6150  (3) 
.4623  (3) 
.4205  (3) 


8 


REMOVE 


.0001  (3) 
0  .  0  3  1  9  (  3  ) 
.  499  0  (  3  ) 

1.4072  (3) 
.1455  (3) 


■mmrnutremfm* 
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ur  r  ratio  9 

5  1.241 

71 

VAR i ABIES  |N  EQUATION 


VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

2501.35841  ) 

W  P 

2 

0.00165  0.11605 

0.0002 

(3) 

w$ 

3 

-0.46302  2.59911 

0.0317 

(3) 

PRES 

4 

-79.52203  63.79876 

1.5536 

(3) 

HUH 

5 

0.88447  0.75913 

1.3575 

(  3  > 

T254 

6 

•1.32550  0.72300 

3.3611 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED  R  RSU 

HUM 

5 

0.1776  0 

.0315 

T254 

8 

0.2446  0 

.0598 

PRES 

4 

0 . 2828  0 

.  080  0 

ws 

3 

0.2835  0 

.  080  4 

HO 

2 

0.2835  0 

.  0  8  0  4 

DF 

F  RATIO 

10 

5 

1.283 

71 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(  CONSTANT 

HD  2 

2517.20111  ) 
0.00248 

0.11585 

0.0  0  05 

(  3  ) 

WS 

3 

-0,47651 

2 . 5V536 

0.0  337 

(  3  ) 

PRES 

4 

-80,04234 

63.57387 

1.5852 

(3) 

HUM 

5 

0 , 9  U  3  6  5 

0 .75692 

1.4253 

(3) 

T  2  6  0 

9 

-1.35605 

0 .71842 

3.5628 

(3) 

VARIABLE  MULTIPLE 


ENTEREO  REMOVED 

R 

RSQ 

T260 

9 

0.1785 

0.0319 

HUM 

5 

0.2489 

0,0619 

PRES 

4 

0.2871 

0,0824 

US 

3 

0,2879 

0,0629 

HD 

2 

0.2879 

0.0829 

11 


176 


#*■ 


f 


or 

5 

71 


VARIABLE 


r  RATIO 
1.280 


VARIABLES  IN  EQUATION 
COEFFICIENT  STU.  ERROR  F  TO  REHOVE 


(LONS  r ANT 

2514,02057  ) 

NO 

2 

0.00392 

0.11581 

0.0011 

(  3  ) 

MS 

3 

•0,51284 

2.59525 

0,0390 

(3) 

PRES 

4 

•79,93315 

63,57885 

1.5806 

(  3  ) 

HUM 

5 

0.90083 

0 .75715 

1.4155 

(  3  ) 

T  2  6  6 

10 

•1,35421 

0.71913 

3.5462 

(3) 

variable  MULTIPLE 

ENTERED  REMOVED  R  PSQ 


T  26  6 

10 

0,1782 

0.0318 

HUM 

5 

0,2485 

0.0618 

PRES 

4 

0,2866 

0,0821 

MS 

3 

0.2875 

0,0826 

WO 

2 

0.2875 

0.0827 

OF 

F  RATIO 

12 

5 

1.218 

71 

VARIABLE 

variables  in  equation 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

24-»6. 6021  1  ) 

WD 

2 

0,00483 

0.11603 

0.0017 

(  3  ) 

ws 

3 

-  0  .  *>  4  4  1  7 

2.60022 

0.0438 

(  3  ) 

HRE  S 

4 

•78.06499 

63.69222 

1.5022 

(  3  ) 

HUM 

5 

0,88875 

0.75959 

1.3690 

(  3  ) 

T  2  7  2 

11 

-1.30615 

0 .72466 

3.2487 

(  3  ) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

HUM 

5 

n .1776 

0.0315 

T  2  7  2 

11 

0.2430 

0,0591 

PRES 

4 

0,2800 

0,0784 

ws 

3 

0,2810 

0.0790 

wn 

2 

0.2811 

0.0790 

APPENDIX  03 

FAILURE  GROUP  THREE  (PIGA  FAILURES) 
VERSUS  ENVIRONMENTAL  GROUP  C 


177 


•w*rr 


or 

5 

71 


VARIABLE 


r  RATIO 
0,544 


VARIABLES  IN  EQUATION 
COEFFICIENT  STD.  ERROR  F  TO  RE  ROVE 


(CONSTANT 


WD 
US 
PRES 
HUH 
T  3 1 


2 

3 

4 

5 

6 


1133.44734  ) 

0.01618 
•  0  .  60  320 
-36.26862 
1.02284 
-0.31050 


0.11900 
2.66370 
61.03413 
0.74509 
7 .43099 


0.0165  (3) 
0.0513  ( 3  ) 
0.3531  (3) 
1.6974  (3) 
0.0017  (3) 


VAR  I  ABLE 


MULT  I PLE 


ENTERED 

REMOVED 

R 

R  S  U 

HUM 

5 

0.1776 

0.0315 

PRES 

4 

0 . 1894 

1)  .  0  3  5  9 

MS 

3 

0.1913 

0.0366 

HI) 

2 

o .  l  v  ?  u 

0 .0  368 

T31 

6 

0,1920 

0.0369 

DF 

F  RATIO 

5 

0.896 

71 

VARIABLES 

in  equation 

VARIABLE 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

1768,50124  ) 

WD 

2 

0.0  0  361  0  .H750 

0.0009 

(  3  ) 

ws 

3 

-0.98981  2.64494 

U.  1400 

(  3  ) 

PRES 

4 

-55.54537  61.74038 

0 . 8094 

(  3  ) 

HUM 

5 

0.70618  0,80274 

0.7739 

(  3  ) 

T32 

7 

-12.41461  9,52821 

1.6976 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R  RSO 

HUM 

5 

0,1776  0 

.0315 

T  3  2 

7 

0.2196  0 

.  0  482 

PRES 

4 

0.2397  0 

.  0575 

HS 

3 

0.2436  0 

.  0593 

MU 

2 

0.2436  0 

.  0593 

178 


■t 


or 

9 

71 


r  RATIO 
0.942 


3 


179 


VAKUfH.ES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  f  TO  REHOVE 


(CONSTANT  1707,51265  ) 


UD 

2 

•0.00393 

0.11784 

0.0011 

(3) 

US 

3 

-0.95906 

2.63671 

0.1323 

(3) 

PRES 

4 

53.56109 

61.12783 

0.7678 

(3) 

HUM 

5 

0.65966 

0 . 8U  768 

0.6671 

(3) 

TJ3 

8. 

15.18723 

10.96601 

1.9180 

(3) 

variable 

MULTI PLE 

ENTEREO  REMOVED 

R 

RSQ 

T  3  3 

8 

0 

.1870 

0.0350 

HUM 

5 

0 

.  2276 

0.0518 

PRES 

4 

0 

.2458 

0.0604 

US 

3 

0 

.  2493 

0.0622 

UO 

2 

0 

.  2494 

0.0622 

OF  F  RATIO  4 

9  1.489 

71 

VARIABLES  in  EQUATION 


VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 
UO  2 
WS  3 
PRES  4 
HUM  5 
T34  9 


1829,22655  ) 
-  0  .  0  U  0  2  4 
-0.94825 
•56.46777 
0 .36740 
•24.39908 


0,11511 

2.58273 

59,51976 

0.81058 

11.43076 


U.Q000  (3) 
0,134ft  (3) 
0.9001  (3) 
0.2  0  54  (  3  ) 
4.5561  (3) 


variable 

ENTEREO  REMOVED 

T34  9 

PRES  4 
HUM  5 
US  3 
UO  2 


MULTIPLE 


R 

RSQ 

0.2/58 

0.0761 

0.2989 

0.0893 

0.3  0  53 

0  .  0932 

0.30  8  1 

0.0949 

0.30  81 

0.0949 

OF 

5 

71 


5 


F  RATIO 
1.304 


VARIABLES 

IN  EQUATION 

VARIABLE 

COEFF 1 C IENT 

STD.  ERROR  F  TO  REMOVE 

(CONSTANT 

wn  2 

US  3 
PRES  4 
HUM  5 
T  3  5  10 


1722.78915  ) 
0.01418 
-0 . 832U2 
•S3.. 10288 
0.47257 
-23.08766 


0.11583 
2.59577 
59 . 7rtO  79 
0  .  8  0  7  6  1 
12.06475 


0.0151  (3) 
U.1027  (3) 
0  .  7  95  0  (  3  ) 
0.3424  (3) 
3.6620  (3) 


VARIABLE  MULTIPLE 

ENTERED  REMOVED  R  RSQ 


T  3  5 

10 

0.2525 

n  .  0  637 

PRES 

4 

0.2/71 

0.0768 

HUM 

5 

0 ,  2873 

n . 0826 

US 

J 

0  ,  2*96 

U  .  0  8  3  9 

wn 

2 

0 . 2  9  0  li 

1)  .  0  8  4  1 

OF 

F  RATIO 

6 

5 

1.214 

71 

variables  in  equation 

VARIABLE 

COEFFICIENT  STu.  ERROR 

F  TO  REMOVE 

(CONSTANT 

1600,98335  ) 

HD 

2 

0.02077 

0.11588 

0.0321 

(  3  ) 

US 

3 

-0,62404 

2  .  6  0  0  4  6 

P . 0576 

(  3  ) 

PRFS 

4 

-81.30682 

59.91484 

0.7477 

(  3  ) 

HUM 

5 

0.36857 

0  .  8  4  0  2  7 

0.1924 

(  3  ) 

T  36 

1 1 

-23.42303 

13 . 03604 

3.2285 

(  3  ) 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

n 

RSQ 

T  3  6 

11 

0.2492 

0 ,0621 

PRES 

4 

0,2728 

0.0744 

HUM 

5 

0,2785 

0.0776 

US 

3 

0,2799 

0.0783 

WO 

2 

0.2806 

0,0787 

Dr  F  RATIO 

5  1.278 

71 

VAN  i  a  b  l  e  s  in  equation 


VARIABLE 

COEFFICIENT 

STD.  ERROR  F 

TO  REMOVE 

(CONSTANT 

1564,63295 

) 

UO  2 

0  .  0  31o4 

0.11589 

0.0745 

(3) 

MS  3 

•0.62801 

2.5  95  0  2 

0.0586 

(3) 

PRES  A 

•47,67544 

59 .465  0  4 

0.6428 

(3) 

HUM  5 

0 .20846 

0.86554 

0 .0985 

(3) 

TJ7  6 

•25.41512 

13.50745 

3.5403 

(3) 

VAH I AOLE 

MULTIPLE 

ENTERED  REMOVED  R 

RSU 

T  3  7 

6 

0.2630 

0.0692 

PRES 

4 

0.2812 

0.0791 

HUM 

5 

0.2043 

0,0808 

MU 

2 

>© 

■e 

tv 

• 

<=» 

0.0818 

MS 

3 

0  .  2  H  7  4 

0.0826 

UF 

F 

RATIO 

8 

5 

1. 

222 

71 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

1552.88611  ) 

MO 

2 

0.03047 

0.11608 

0  •  0  6  8  9 

(3) 

MS 

3 

-0 .89059 

2.60021 

0  .  0  7  0  5 

(3) 

PRfcS 

4 

•46.94122 

69,56610 

0.6212 

(3) 

HUM 

5 

0.20177 

0  .  38311 

U.0522 

(3) 

T38 

7 

-27.40142 

15.16314 

3.2699 

(3) 

variable  multiple 


ENTERED  REMOVED 

R 

RSU 

T  3  H 

7 

0,2593 

0.0673 

PRES 

4 

0,2763 

0.0763 

US 

3 

0.2787 

0.0777 

MD 

2 

0.2603 

0.0786 

HUM 

5 

0.2915 

0.0793 

181 


m. 


18  2 

or  r  ratio  9 

5  1.740 

71 

VARIABLES  IN  E  0  U  A  T ION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  1685.36797  ) 

W  U  2  0.031  08  0.11410  U  .  0  7 6  (3) 

wS  3  -0.98003  2.56212  0.1463  (3) 

PRES  4  «'j0.0»212  5(3.5/197  0  .  7  31  1  (  3  ) 

HUM  5  -  0  ,  1  1  32  0  0  •  0  d  2  3  4  0.0  165  (  3  ) 

T  3  9  8  -3  7,64660  15.63229  5.7628  (  3  ) 


variable 

ENTERED  REMOVED 


MULTIPLE 
R  RSQ 


T  3  9  8 

PRES  4 
MS  3 
w  u  2 
HIM  5 


0.3132 
0 . 3261 
0,3286 
0  .  3  j  0  1 
0 . 3304 


0.0  98  1 
0.1063 
0.1080 
0  .  1  0o9 
0.1092 


OF  F  RATIO 

5  2.299 

71 

VARIABLES 

VARIABLE  COEFFICIENT 


(CONSTANT  1815.13310 

HD  2  0.04905 

WS  3  -0.73598 

PRES  4  -34.00536 

HUM  5  -0,23110 

T  3 1 0  9  -44,80343 


VArt I  ABLE 

ENTtRLO  REMOVE  II 


T  3 1  J  9  0 

PRES  4  il 

WiJ  2  0 

MS  3  0 

HUM  5  0 


10 


IN  EUUAT10N 

STD,  ERROR  F  TO  REMOVE 


) 

0.11254  0.1900  (3) 

2 ,51391  0.0B57  ( 3 ) 

57.61564  0.8786  (3) 

0.84927  0.0740  (3) 

15.40929  8.4539  (3) 


MULTIPLE 

HSU 

3  944  U . i 2  5  6 

3  60  u  0,1354 

3/11  0.13/7 

3721  0,1304 

3733  0.1393 


•  •'  »« 


183 


or 

F  RATIO 

11 

5 

1.732 

71 

VARIABLE 

VARIABLES  IN  EUUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

1615.25581  ) 

M  D 

2 

0.04881 

0 .11475 

0.1809 

(3) 

NS 

3 

-0.17452 

2.563U6 

0.0046 

(3) 

PRES 

4 

-48.37769 

58.52149 

0.6834 

(3) 

HUM 

5 

0.04267 

0.84994 

0.0025 

(3) 

T311 

10 

-38.32069 

16.01817 

5.7232 

(3) 

variable 

MULTIPLE 

entered  REMOVED 

R 

RSU 

T31 1  10 

0.3100 

0.0961 

PRES  4 

0.3260 

0.1063 

MO  2 

0.3295 

0.1086 

US  3 

0.3296 

0.1087 

HUM  5 

0.3297 

0.1067 

or 

5 

71 


VARIABLE 


F  RATIO  (SS)  12 

2.724 

variables  in  euuation 

COEFFICIENT  STU.  ERROR  F  TO  REMOVE 


(CONSTANT  1442.90965  ) 


MD 

2 

0.03975 

0.11080 

0.1287 

(3) 

MS 

3 

•0.09058 

2  •  4  d  6  5  6 

0.0013 

(  3  ) 

PRES 

4 

«2. 76517 

56.59479 

0.5710 

(  3  > 

HUM 

5 

-0.12986 

0. 804V3 

0.0260 

(3) 

T312  11 

VARIABLE 

ENTERED  REMOVED 

52.45069 

16.18428  10.5031 

MULTIPLE 

R  RSU 

(3) 

T312 

11 

0 

.3696 

0.1518 

PRES 

4 

0 

.3989 

0.1591 

U0 

2 

0 

•  4  U  0  6 

0.1607 

HUM 

5 

0 

.4012 

0.1610 

NS 

3 

0 

.4012 

0.1610 

or 

5 

71 


F  RATIO 
1.576 


13 


184 


VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  ST0.  ERROR  F  TO  REHOVE 


(CONSTANT  1690.57211  ) 

WO  2  0.02369  0.11457  0.0427  (3) 

NS  3  0.09767  7.5491?  0.0014  (3) 

PRES  4  -48.84676  58.80122  0.6887  (3) 

HUH  5  0.19085  0.83609  0.0521  (3) 

T313  6  -37.32138  16.73187  4.9754  (3) 


VARIABLE  MULTIPLE 


ENTERED  REMOVED 

R 

RSU 

T313 

6 

0,2954 

0.0873 

PRES 

4 

0 .3142 

0 . 09«7 

HUH 

5 

0.3152 

0.0994 

Wi) 

2 

0.3161 

0  .  U  9  9  9 

WS 

3 

0.3161 

0.0999 

or  F  RATIO  14 

5  1.631 

71 

variables  in  equation 

VARIABLE  COEFFICIENT  STO.  ERROR  F  TO  REMOVE 


(CONSTANT 
WD  2 
WS  3 
PRES  4 
HUH  5 
T314  7 


1699,06680  ) 
0 .01555 
0.05832 
-51,31786 
0.18660 
•38,08312 


0.11433 
2. 5<H« l 
58.85963 
0.83151 
16.63937 


0.0185  (3) 
0.0005  (3) 
0.7602  (  3  ) 
0.0504  (  3  ) 
5.2383  (3) 


variable 

ENTERED  REMOVED 

T31 4  7 

PRES  4 
HUH  5 
W0  2 
WS  3 


MULTIPLE 


R 

RSO 

0,2997 

0.0898 

0,3197 

0.1022 

0.3206 

0.1028 

0,3210 

0.1030 

0.3210 

0.1030 

15 


185 


'*"»*  F'<M'rFV  tfitUMfr  •••■ 


or  r  ratio 

5  1.933 

71 

VARIABLES  |N  EQUATION 
VARIABLE  COEFFICIENT  STD.  ERROR 


TO  REHOVE 


(CONSTANT  1919.25145  ) 


w  n 

2 

0.01178 

0.11326 

ws 

3 

-0 . 35940 

2.54342 

PRE  S 

4 

-58.04435 

58.55134 

HUM 

5 

0.15971 

0.81145 

T  3 1  5 

b 

-45.27481 

17.50001 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

H 

R  SO 

T  3 1 5 

8 

0  . 

3  2  J  3  0.1  0  45 

PRES 

4 

0. 

3447  0,1188 

HUM 

5 

0  . 

3456  0.1194 

US 

3 

0. 

3  4  6  u  0.1197 

Ml) 

2 

0. 

3462  0.1198 

DF 

F  RATIO 

5 

2.087 

71 


0.0108  (3) 
U.Q200  (3) 
0,9828  (3) 
0.0307  (3) 
6.6932  (3) 


16 


VARIABLES  IN  EQUATION 


VARIABLE 

COEFF  |  C  IENT 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

1964.83034 

) 

wo 

2 

0.02065 

0.11272 

0.0336 

(  3  ) 

WS 

3 

-0.23826 

?  .  5331  8 

0.0088 

(  3  ) 

PRES 

4 

-59.67387 

58,30429 

1.0475 

(  3  ) 

HUM 

5 

0  .  1  30  79 

0 . 81)557 

0.0264 

(  3  ) 

T316 

9 

-43,82656 

16,07494 

7.4332 

(3  ) 

VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

R 

R  SO 

T  3 1 6 

9 

0.3345 

0.1119 

PRES 

4 

0 . 3567 

0,1272 

WD 

2 

0.3572 

U  .1276 

HUM 

5 

0.3578 

0.1280 

WS 

3 

0.3579 

0.1281 

186 

or  r  ratio  iff 

9  2,339 

71 

VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  1987,40683  ) 

HD  2  0.01973  0.11186  0.0311  (3) 

HS  3  -0.26466  2.81296  0.0111  (3) 

PRES  4  -60.26433  87.60609  1.0869  (3) 

HUN  5  0.13257  0.79067  0.0281  (3) 

T317  10  -46.36037  15.76644  8.6440  (3) 


VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

R 

RSQ 

T31 7  10 

0.3534 

0.1249 

PRES  4 

0.3748 

0.1404 

HUM  5 

0.3753 

0.1409 

HO  2 

0.3758 

0.1412 

US  3 

0.3760 

0.1414 

DF  F  RATIO  (SS)  18 

5  2.506 

71 

VARIABLES  |N  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 
HD  2 
HS  3 
PRES  4 
HUM  5 
T  3 1 8  11 


2194.42236  ) 
0.01353 
-0.29453 
-67.09804 
0.130U1 
•47,20909 


0.11129 
2.49973 
57.61768 
0 .78253 
15.35506 


0.0148  (3) 
0.0139  (3) 
1.3468  (3) 
ft. 0276  (3) 
9.4525  (3) 


variable  MULTIPLE 

ENTERED  REMOVED  R  RSO 


T318  1.1 
PRES  4 
HUM  5 
HO  2 
HS  3 


0.3610 

0.3863 

0.3869 

0.3871 

0.3873 


0.1303 

0.1492 

0,1497 

0.1498 

0.1500 


(ss) 


19 


or  r  ratio 

5  2.613 

71 


variables  in  equation 

VARIABLE 

COEFFICIENT  STD.  ERROR 

(CONSTANT 

2314.95639  ) 

UD 

2 

0.00129  0.11104 

NS 

3 

-0.34291  2.49114 

PRES 

4 

-70.99449  57.81731 

HUH 

5 

0.12741  0.77786 

T  3 1 9 

6 

-48.08175  15.22953 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED  R 

T  3 1  > 

6 

0.3662 

PRES 

4 

0,3934 

HUH 

5 

0 .3939 

US 

3 

0.394? 

WO 

2 

0.3942 

DF 

F  PATIO  (SS) 

5 

2.672 

71 

VARIABLE 

VARIABLES  in  EQUATION 

COEFFICIENT  STD.  ERROR 

(CONSTANT 

WD  2 

2104.35968  ) 
0.01236 

0.11075 

US 

3 

-0.55236 

?  .  4H550 

RPfcS 

4 

-64,16117 

57.12303 

HUM 

5 

0 .21397 

0. 78508 

T320 

7 

•48.06366 

15.00990 

F  TO 


0 

0 

1 

0 

9 


RSQ 

0.1341 
0.1547 
0.1552 
0.1554 
0 .1554 


F  TO 


U 

II 

1 

0 

10 


variable 

ENTERED  REMOVED 

HULTIPLE 

R 

RSQ 

T  32  0 

7 

0.3730 

0.1391 

PRES 

4 

0.3954 

0.1564 

HUH 

5 

0.3970 

0.1576 

us 

3 

0.3978 

0.1582 

WD 

2 

0.3960 

0.1564 

REHOVE 


•0001  (3) 
.0189  (3) 
.5078  (3) 
.0266  (3) 
.9675  (3) 


20 


REHOVE 


.0124  (3) 
.0494  ( 3  ) 
.  2528  (  3  ) 
.  0  781  (  3  ) 
.2536  (3) 


21 


or  r  ratio 

9  2.231 

71 


VARIABLES 

IN  EQUATION 

variable 

coef r i c  ient 

STD.  ERROR  F  TO  REMOVE 

(CONSTANT 

2162,46866  ) 

NO 

2 

0 . 01080 

0  .  U224 

0.0093 

(3) 

MS 

3 

-0.23219 

2.82186 

0 . 0085 

(  3  ) 

RRES 

4 

-66.47549 

88.3*760 

1 .2962 

(  3  > 

HUM 

5 

0  .  2  3  f,  9  9 

0  ,  7  H  2  6  0 

0 .0933 

(  3  ) 

T  321 

8 

■44.11181 

15.4/244 

tt.1281 

(3) 

VARIABLE 

MULTIPLE 

ENURED  REMOVED 

R 

RSQ 

T  32 1 

8 

0 . 3  3  8  6 

0.1147 

PRES 

4 

0 .366  4 

0.1343 

MUM 

5 

P  .  3  6  8  2 

0 .1356 

MI) 

2 

P  .  56  6  3 

0.1357 

MS 

3 

0.3685 

1.1358 

')  F 

r  RATIO 

22 

5 

2.202 

71 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERPOR 

F  TO  REMOVfc 

(  CONSTANT 

20 U  8. 38150  ) 

WO 

2 

0  .  •)  l  ?  8 

0  .  11233 

0.0125 

(  3  ) 

MS 

3 

-  n  .  n  <)  7  j  l 

2 . 8  2  7  0  4 

H .  o  n  1 5 

(  3  ) 

PRES 

4 

-64,5711  5 

5  8  ,  3  .»  4  3  6 

1  .  2253 

(  3  ) 

HUM 

5 

0  .  3  (1  ?  P  0 

n .  7  /  6  a  ft 

d.1513 

(  3  ) 

T322 

9 

-43.43796 

15.36969 

7.9875 

(3) 

VARIABLE 

ENTERFO  HEMOVED 

MULTI PLE 

R 

RSQ 

T  3  2  2 

9 

0 . J356 

0.1126 

PRES 

4 

0.3635 

0.1321 

HUM 

5 

0.3662 

0.1341 

MO 

2 

0 .3664 

0.134? 

MS 

3 

0.3664 

0.1342 

or  r  ratio  23 

5  2.014 

71 


VARIABLES 

IN  EQUATION 

VARIABLE 

COErr 1 C  1  ENT 

STO.  ERROR  F  TO  REHOVE 

(CONSTANT 

2123.00475 

> 

MO  2 

0 .00721 

0.11302  0.0041 

(3) 

MS  3 

•0.09194 

2.54249  0.0013 

(3) 

PP£$  4 

-45.47188 

58.83518  1.2383 

(3) 

HUH  5 

0.32757 

0.78249  0.1752 

(3) 

T32  3  10 

-42.85506 

16.10206  7.0634 

(3) 

variable 

MULTIPLE 

ENTERED 

REMOVED 

R  RSO 

T323  10 

0 

.3169  0.1017 

PRES  4 

0 

.3491  U.1219 

HUH  5 

0 

.3524  0.1242 

Ml  2 

0 

.3524  0,1242 

MS  3 

0 

.3524  0.1242 

DF 

F  RATIO 

24 

5 

1.520 

71 

VARIABLE 

VARIABLES  IN  EUUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REHOVE 

(  CONSTANT 

1872,69897  ) 

MD  2 

•0,00317  0.11509 

0.0008 

(  3  ) 

MS  3 

-0.24410  2.58007 

O.OOVO 

(3  ) 

PRES  4 

-57.648  5  6  5  V , 5  2  7  8  0 

0.9379 

(3) 

HUH  5 

0.45199  0.77415 

0.3239 

(3  ) 

T  3  2  4  11 

•35.7/776  16.49621 

4,7039 

(3) 

VARIABLE 

MULTIPLE 

ENTERED  REHOVED  R 

RSO 

T  32  4  11 

0,2750 

0.0756 

PRES  4 

0,3033 

0.0920 

HUM  5 

0  .310  0 

0 .0966 

MS  3 

0.3109 

0.0967 

MD  2 

0.3110 

0.0967 

5  0.493 

71 


VAN  I  ABIES  IN  EQUATION 


VARIABLE 

COEFFICIENT 

ST0.  ERROR 

F  TO  REMOVE 

(CONSTANT 

164.  67148 

) 

UD 

2 

0.01976 

0.11002 

0.0277 

(3) 

NS 

3 

-0.13336 

2.66116 

0.0025 

(  3  ) 

PRES 

4 

-3,72426 

63.37144 

0.0035 

(  3  ) 

MUM 

5 

1.04906 

0 .80670 

1.6626 

(3) 

T325 

6 

-6.1U183 

18.54740 

0.1062 

(3) 

VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

R 

R  SO 

HUM 

5 

0.1776 

0.0315 

T  3  25 

6 

0.1619 

0.0331 

MO 

2 

0.1630 

0  ,  0335 

PRES 

4 

0.1831 

0.0335 

MS 

3 

0.1632 

0.0336 

OF 

F  RATIO 

26 

5 

0.465 

71 

VARIABLES  |N  EQUATION 


VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT  133.78300  ) 


un 

2 

0.02026 

0 .11885 

0 .0291 

(3) 

NS 

3 

-0.14163 

2.66152 

0  .  0  0  28 

(  3  ) 

PRES 

4 

-2 . 7 V69B 

63.44954 

0.0019 

(  3  ) 

HUM 

6 

1.06474 

0  .  0  0  8  59 

1.7  339 

(  3  ) 

T  326 

7 

-4.95576 

18.55408 

0.0713 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

HUM 

5 

0.1776 

0.0315 

T326 

7 

0 .1605 

0.0326 

14 1) 

2 

0.1817 

0.C330 

WS 

3 

0.1817 

0,0330 

PRES 

4 

0.1818 

0.0330 

at  «#<r 


or 

r  RATIO 

2? 

9 

0*490 

71 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

164*28665  ) 

MD 

2 

0 . 01980 

0.11886 

0  *  0277 

(3) 

US 

3 

-0.15177 

2.66060 

U  *  0  0  33 

(  3  ) 

PRES 

4 

-3.73968 

63.6/672 

0*0034 

(3) 

HUM 

5 

1.05382 

0 .80930 

1.6955 

(3) 

T327 

6 

-5.71453 

18.56645 

0.0947 

(3) 

191 


I 

1 


variable 

ENTERED  REMOVED 


MULTIPLE 
R  RSO 


HUM 

5 

0.1776 

0 .0315 

T327 

8 

0.1814 

0 .0  329 

HD 

2 

0.1625 

0.0333 

PRES 

4 

0 .1825 

0.0333 

MS 

3 

0.1827 

0.0334 

DF 

F  RATIO 

28 

5 

0.478 

71 

VARIABLE 

VARIABLES  IN  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

102.77015  ) 

UD 

2 

0.02037 

0.119U 

0.0292 

(  3  ) 

us 

3 

-0.15709 

2.66170 

0.0035 

(  3  > 

PRES 

4 

-1,88509 

64,03831 

0.0009 

(  3  ) 

HUM 

5 

1 .060  83 

0.81542 

1 .7569 

(  3  > 

T328 

9 

-3.52623 

16.89105 

0 .0348 

(3) 

variable 

ENTERED  REMOVED 

MULTIPLE 

R 

RSQ 

HUM 

5 

0.1776 

0.0315 

T328 

9 

0.1791 

0.0321 

UD 

2 

0.1003 

0.0325 

us 

3 

0,1804 

0,0325 

PRES 

4 

0.1804 

0.0326 

or 

5 

71 


F  RATIO 

0.479 


29 


VARIABLES  |N  EQUATION 


VARIABLE 

coErr icient 

STD.  ERROR 

r  TO 

REMOVE 

(CONSTANT 

1 1 1 . 2  5  0  ?  4 

) 

WD 

2 

0,02045 

0 . 11898 

U 

.  0295 

(  3  ) 

wS 

3 

-0,15942 

2.66  INI 

u 

.  0  0  36 

(  A  ) 

PPES 

4 

•2.12807 

63.88496 

0 

.0011 

(  3  ) 

HUH 

5 

1.0/404 

0.81802 

1 

.  7  2  3  9 

(  3  ) 

T  3  2  9 

10 

•3.961 49 

19.24368 

0 

.  0424 

(3) 

VARIABLE 

MUL  T  I  PLE 

ENTERED  REMOVED 

W 

R  SO 

HUM 

5 

0 

.1776 

0.0315 

T  3  2  9 

10 

0 

.1794 

0.0322 

WD 

2 

0 

.  Id06 

0.0  326 

WS 

3 

0 

.18  0/ 

0 .0  326 

PRES 

4 

0 

.160  7 

0.0127 

DF 

F  RATIO 

30 

5 

0.502 

71 

VARIABLE 

VARIABLES  |N  EQUATION 

COEFFICIENT  STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

219, 2  t>  339  ) 

WD 

? 

0,01932 

0.11878 

0,0  265 

(  3  ) 

US 

3 

-0.16738 

2.65970 

0.0  0  4  0 

<  3  ) 

PRES 

4 

-5,39018 

63.80397 

0  .  0  0  7  1 

(  3  ) 

HUM 

5 

1.02055 

0  .  82  0  2  4 

1.5451 

(  3  ) 

T  3  3  0 

11 

-7,40251 

19.09813 

0.1502 

(  3  ) 

VARIABLE 

ENTERED  REMOVED 

MULTIPLE 

R 

RSO 

M  U  M  5 

0,1776 

0.0315 

T  3  3  0  11 

0 .1833 

0 .0  336 

Wl)  2 

0.1844 

0.0340 

PRES  4 

0 . 1846 

0.0341 

WS  3 

0 .1647 

0.0341 

of 

5 

7t 


F  HAT  1 0 
1.909 


31 


VARI ABIES  IN  EQUATION 
COEFFICIENT  STO.  ERROR  F  TO  REHOVE 


VARIABLE 


(CONSTANT 
HO  2 
US  3 
PRES  4 
HUM  5 
T331  6 


246.44984  ) 

0.01684 
-0.17989 
-6.20837 
1.00786 
•8.32440 


0.11877 

2.69924 

63.83772 

0.61976 

19.20732 


0.0292  (3) 
0.0044  (3) 
0.0099  (3) 
1.9116  (3) 
0.1678  (3) 


VARIABLE  MULTIPLE 


ENTERED 

REMOVED  R 

RSQ 

HUM 

9 

0.1776 

0.0319 

T331 

6 

0.1847 

0.0  341 

HO 

2 

0.1697 

0.0349 

PRES 

4 

0 .1899 

0.0346 

US 

3 

0.1861 

0.0346 

OF 

F  RATIO 

32 

9 

0.929 

71 

VARIABLES  IN  EQUATION 

variable 

COEFFICIENT  STD.  ERROR 

F  TO 

REMOVE 

(CONSTANT 

278.26741 

) 

HD 

2 

0.01719 

0.11666  0.0209 

US 

3 

-0,17984 

2.69788  U.Q046 

PRES 

4 

-7.13178 

63.59908  0.0126 

HUM 

9 

0,99337 

0.81436  1.4879 

T332 

7 

•9.83999 

19.29021  0.2611 

VARIABLE 

MULTIPLE 

ENTERED  REMOVED 

R  RSQ 

HUM 

9 

0 

•1776  0.0315 

T332 

7 

0 

.1874  0.U391 

UD 

2 

0 

.1882  0.0354 

PRES 

4 

0 

.1886  0.0356 

US  3  0.1867  0.0396 


(3) 

(3> 

(3) 

(3) 

(3) 


or 

5 

71 


F  RATIO 
0.994 


33 
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VARIABLES  IN  EQUATION 


VARIABLE 

coefficient 

STD.  ERROR 

F  TO  REMOVE 

(CONSTANT 

351,93229 

) 

MD 

2 

0.01538 

0.11882 

0.0168 

(3) 

US 

3 

•0.16685 

2.65488 

0.0039 

(3) 

HRES 

4 

•9.36139 

63.55312 

0.0217 

(3) 

HUM 

5 

0.95995 

0 .81366 

1.3919 

(3) 

T333 

8 

•12.29062 

19.35848 

0.4031 

(3) 

variable 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

HUM 

5 

0.1776 

0.0315 

T333 

8 

0.1923 

0.037  0 

PRES 

4 

0 .1930 

0.0373 

UD 

2 

0 .1936 

0.0  3  75 

us 

3 

0.1938 

0.0  3  75 

DF  F  RATIO  34 

9  0.532 

71 

variables  in  equation 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REMOVE 


(CONSTANT 

286,64770  ) 

UD 

2 

0.01674 

0.11885 

0.0198 

(3) 

us 

3 

-0.16003 

2 ,6567  7 

0.0  0  36 

(3) 

PRES 

4 

-7,36361 

63.36509 

0.0135 

(3) 

HUH 

5 

0,96929 

0.81091 

1.4684 

(3) 

T334 

9 

-10,56074 

19,32493 

0.2986 

(3) 

VARIABLE 

• 

MULTIPLE 

ENTERED  REMOVED 

R 

RSQ 

HUM 

5 

0.1776 

0.0315 

T334 

9 

0,1887 

0.0356 

MO 

2 

0.1896 

0.0359 

PRES 

4 

0,1900 

0.0361 

MS 

3 

0.1901 

0.0361 

or 

9 

71 


r  RATIO 
1,533 


35 
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VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  STD.  ERROR  F  TO  REHOVE 


(CONSTANT  311,34687  ) 


MD 

2 

0,01544 

0.11906 

0.0168 

(3) 

US 

3 

-0,16146 

2.65670 

0.0037 

(3) 

PRES 

4 

-8.15198 

63.71486 

0.0164 

(3) 

HUM 

5 

0.98412 

0.81334 

1.4640 

(3) 

T335 

10 

-10.88829 

19.78335 

0.3029 

(3) 

variable 

ENTERED  REHOVED 

HULTIPLE 

R 

RSQ 

HUM  5 

0.1776 

0,0315 

T335  10 

0,1889 

0.0357 

UD  2 

0.1896 

0,0360 

PRES  4 

0.1901 

0.0361 

US  3 

0.1902 

0.0362 

Of  F  RATIO  36 

5  0.546 

71 

VARIABLES  IN  EQUATION 

VARIABLE  COEFFICIENT  $TD.  ERROR  F  TO  REHOVE 


(CONSTANT  334.69469  ) 

WO  2  0,01519  0.11894  0.0163  (3) 

US  3  >0.11635  2.65632  0.0019  (3) 

PRES  4  >8.85839  63.57877  0.0194  (3) 

HUH  5  0.97095  0.81235  1.4286  (3) 

T336  11  -11.80108  19.52817  0.3652  (3) 


variable 

ENTERED  REHOVED 

HUH  5 
T336  11 
PRES  4 
HD  2 
US  3 


HULTIPLE 


R 

RSQ 

0.1776 

0,0315 

0.1910 

0,0365 

0.1918 

0.0368 

0,1924 

0,0370 

0.1924 

0.0370 

APPENDIX  D 
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APPENDIX  D 


COMPUTER  PROGRAMS  USED  TO  CONVERT 
RAW  DATA  INTO  USABLE  FORM 


This  appendix  is  divided  into  two  sub-appendices 
Appendices  D-l  and  D-2  contain  respectively  computer  pro 
grams  MODI  and  MOD2. 


Preceding  pege  blank 
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APPENDIX  D-l 


COMPUTER  PROGRAM  MODI 


Mine 

n.?:>nc 

E/.30C 

{VWv'C 

•W5« 

■5  *7  ) 


.VRM 
.  5/0  •, 
j  | ,'/  ,/» 

II  I  «C 

>i;  je 
.H  30  C 

I  Uf'C 

II  -j{1C 
IliVJC 
.11  7.3C 
5 1  WC 

ii  y.oc 
.12  m 
•  )2  i  o 
.12  ?ii 

223.5 
.12*. ,) 
)2o.: 
.)?/}!■• 
.-12  U. 
Mti'A 


2?  VO 
W.) 
13  I  MO 
1.320C 
v?3» 

.1 34/5 
'1.3  b:i 
0360 
537.J 
53o,J 
'139-1 


wooc 

'.wine 

W?.'d 

:w3oc 

•14411 
41455} 
24  60 

w/nc 

14  an 
'WV/l 
.lai'Jv) 
-I'jI'/I 
/Jo  255 
.io3n 


REFERENCE  SECTIONS  TITLED" INTERMEDIATE  H I Lt£M * 

"CI.SC?'',  AND  "FINAL  FILES" 

THIS  PROGRAM  ..AS  USED  TO  PROCESS  THE  RAW 
7ATA  FOR  INPUT  TO  FILES  CLSC?  AND  T1 
01  MENS ION  A(l  D,'il3),"(7) 

CALL  ATT  AC'.  (  1 3,  "76.34  ?/CL3C  1 1"  ,3,0 , , ) 

CALL  A  Tr  A  CM  (  14,  "7634  7/CI.  SC2  I" .  3,0 ,, ) 

CALL  ATTACH  ( I  o,  "7o!34  VT 1 1 " ,  3, ) 

CALL  rMECIA  ( 14,6) 

CALL  DI A  <15,5) 

LI.:,;S  222  T! ’ROUGH  3.10  >HA  i  IN  THE  !*A..  OAT  A 
Fid’!  FILE  CLSCI  (VARlAiLSS  A(l)  T';EOUJ,'J  A(IO), 

VARIABLE  3(?)  Ii  T"E  RESULT  01-  CONVERTING 
TIME  OF  .1:5-20  FAILURE  TO  "YEAR  ‘-OURS". 

VAiilA  .L L:  <<  I  >  IS  T"‘:  RESULT  OF  COnVcNTIUo  TIM!: 

Or  NEAT'S?  03SERVAT10N  TO  «0UR5". 

VAfRlA3LF.fi  *'  <2)  T'POUGi  *  (7)  ofcP.lESEiiT  TEMP, AD, 

US, PICA  FAILURES,  DOJ  FAILURES  AN!)  MU'IDITY 
RESPECTIVELY,  VARIABLE  H(J)  ECUALS  PRESSURE. 

DU  10  J* 1, 1 6.0 

REA  HI  3,  I  1IXA(I),I  =  I,  10) 

Ill  FOP,!AT( V) 

r>(  .? )  **(  A(  I  )-l  )*24+A(2) 

•  (  I )  =(  A(  I  )-l  )  <2t+A(3) 

’1(2)  =A(4 ) 

U3)=A<6) 

/( 4)=A(  7 ) 

.:(  3>=A(B) 

'•*(  5)  =A(9 ) 

M< 6)=A( 10) 

LINES  330  THROUGH  33'/  HERE  USED  TO  CONVERT 
i)E,. ‘POINT  TO  WJV.IDTIY 
C=(  A<4)-32)*5./9. 

D=(A<6)-32)*5./9. 
r>  C-D 

PRINT  I  1 ,C,E 
II  FORMAT! FV #2, ?X,F 7,2 ) 

RE  AO, V (7) 

I»*(:j(2).Lr:.32,9)  GO  TO  6 

LINE  4  2(1  NAS  JOE!)  TO  COMPUTE  TIME  iST.JSEN 

SUCCESSIVE  FAILURES 

:H  I  )=.i(.?)-TF 

LINES  44 0  THROUGH  462  ..'ROTE  THE  DATA  INTO  FILE  Tl 
NR ITF( 1 5 , 1  13)  >( I ) ,  (  M< <) , Y=2 ,4 ) , 3<  3) , M 7) , M<5) , M(6) 

1/3  FOR.' AT( r 7. 2,2X,  14, 2X,  I  3, 2X,  I  2, 2X, 

•*.F6. 2,  2X ,  12 ,  ?X ,  1 1 , 2 X,  I 1 ) 

LINES  4H0  THROUGH  BOO  JROTH  THE  DATA  INTO  FILE  CLSC2 
A»ITE<  U,  I  12)3(1 ),  0(2)  ,(>.<<  <),Y=  I, .,),.,(  3),M(7),V(5),M<6) 
1/12  F()lr.'AT(F7.2,2X,F7.2,2X,  !*♦, 2X,  14  1 2X,  13, 2X, 
AI2,?X,F5.?,2X,I2,2X,1 1 ,2X,I  I) 

6  TF**H<2> 

14)  CONTINUE 
STOP 
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APPENDIX  D-2 


COMPUTER  PROGRAM  MOD2 


Mine  REFERENCE  SECTION  TITLED  " PINAL  F ILES". 

0020C  T  IIS  PROGRAM  ,iA5  USED  TO  CREATE  PINAL  PILES 
.i.tU C  T2A,T2P,T2HA,T2P  i,T2l)A, T2DJ,  T3A,T3:j, T3PA, T3Pd, 

?.%JC  T3!)A,T 3D:j,  II  P,  AND  T  ID. 

5.5H5C  INTERMEDIATE  FILES  C13C2  AND  TEMP 
.J.560C  mERE  sources  of  data. 

5.57J  DIMENSION  A  (  3 ) ,  C(  I  5),D(I7),E(  I2),F(I?),G(  l2),T(d760) 
,'M)  INTEGER  NY,  WZ 

'•'>0  CALL  ATTACH  (II,  "7*33**  )/~\  E'V  I ",  3,  ) , , ) 

'3i:M  CALL  A  IT  AC  i  I  (IP,"/  j  }•'* )  /  CL  3  C?  I  "  ,  3, 0 , , ) 

010  CALL  A Tr A Cu  (  I3,"7:>J49/T2A|",  3,.), , ) 

•HP.)  CALL  ATT  A  CM  (  14 , "  /*>  <.-W/T2N  *" ,  3,  .1 , , ) 

'5130  CALL  ATT  AC11  (  1 5,  »  /  i  14  7/T2P  A I "  ,  3,  1 , . ) 

01*;/  CALL  ATTACU  (  I  6,  "7  j:vW/T?P.> I  “  ,  3,0 , , ) 

'Mb'-  CALL  ATTACH  ( I  7,  "75  > -V/TPOAl "  ,  3,  0 , , ) 

0  6.5  CALL  ATTACM  ( I  8,  "7jo 47/T2D3I  " ,  3,  0  , , ) 

517,5  CALL  ATT  A  CM  (  I  9,  "7j:>47/T3A  l »  ,  3,  J, , ) 

.51  5/  CALL  ATTACM  (2/, "7  nW/T3.i  I » ,  3, 0 f  f  > 

.5190  CALL  ATTACM  (2  1,  "7534  V/T3/A|  "  ,  3, 0 , , ) 

0200  CALL  ATTACM  <  22, "  /  jiw  J/T3P  )  \  " ,  3, 0, , ) 

0210  CALL  ATi'AC:;  ( ?3,  "  /*>  V.  v/T  3').\  |  " ,  3,  0 , , ) 

0220  CALL  ATTACM  (  ,  "7-j.»4 7/T3D1I " ,  3, 0 , , ) 

0030  CALL  ATTACM  (  2-,, "  /•>..*;  v/TI  M  t " ,  3, 0  , , ) 

02*,  .5  CA  LL  A  Tl'  AC  i  <  2m  ,  "  7 5  :j4  7  /  i  I  )  ? » ,  3 , 0 , , ) 

02 J.:  CALL  F'EDIA  (13,5) 

E'6.5  CALL  r '':•!)  I A  (14,5) 

5270  CALL  FMeDIA  (1 0,5) 

02oD  CALL  Fi.'HDI A  (  16,5) 

0290  CALL  F MEDIA  (17,5) 

0300  CALL  r FEDIA  (18,5) 

*53 1 0  CALL  FMEOIA  (19,5) 

0320  CALL  FMEDIA  (20,5) 

0330  CALL  F'lcDlA  (21,5) 

0340  CALL  FV'Eni A  (22,5) 

0350  CALL  FM-DIA  (23,5) 

.3360  CALL  FMEOIA  (24,5) 

0370  CALL  FMEOIA  (26,5) 

2350  CALL  FMEOIA  (26,5) 

» VWC  LINES  4 1 «  THROUGH  AVA  PEA.)  IN  temp  data  for  all 
OMC'-OC  FAILURES  AND  CONVERT  OATE/flM.ES  TO  "YEAR  HOURS'1, 

04  10  00  I «  1=1,6391 

54  20  REAQ(  I  I ,  I  0  I )  A(  I ) ,  A(  2) ,  A(  3) 

0..3W  101  FORMAT  (V) 

0440  B=( A( I )-l )*?4+A(2) 

5-.50C  T(B)  EQUALS  THE  TEMPERATURE  FOR  A  GIVEN 
04  60C  YEAR  MOUR. 

0470  T( 0)=A( 3) 

0480  1-0  CONTINUE 

0*900  LINES  510  THROUGH  5.30  READ  IN  ALL  THE  DATA 
050QC  CONTAINED  IN  THE  FILE  CLSC2. 

05 10  DO  I  1  J= 1 , 1 59 

0520  READ(  I  2,  I  02)  (COO ,K=I ,  10) 

03 30  102  FORMAT  (V) 
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054OC  LINES  570  THROUGH  620  SET  VARIABLES  D(  I  )  -  D<5) 
4550C  EJUAL  TO  TrtSF,WD,WS, PRESS,  AND  HUMIDITY. 

0b60C  F<  I)  EOUALS  TEMP  AT  FAILURE. 

0570  D(l)-C(l) 

O'jdiJ  D(2>=C<5) 

0590  D(  3)*C(6) 

06 00  D(  4 ) *C ( 7  ) 

)6I0  D<  5)  =  C(8) 

562/  FC  I  )  =  C(4  ) 

063/0  LINES  660  THROUGH  1660  COMPUTE  TriE  AVEPAGE 
;i640C  TEMPERATURE  IN  SIX  HO  JR  INCREMENTS  FROM  SIX  HOURS 
0650C  TO  72  HOURS  PROCEEDING  FAILURE. 


(5660 

DC)  12  K=l,6 

0670 

F(  1)*F(  1  )+T(C(  3)  — K ) 

06b  A 

12  CONTINUE 

0690 

F(2)*F(  1) 

07  04 

DO  1  3  L=7, 1 2 

0710' 

F(2)=F(?)-*>T(  C<  3)-L) 

0/20 

13  CONTINUE 

07.10 

F(  3)  =F(2 ) 

074  0 

DO  14  *'=13.18 

0750 

F<  3)=F(  1 ) ♦TC C(  3)-M) 

)/40 

14  CONTINUE 

0770 

r(4)=F(3) 

>760 

DO  15  N*  19,24 

0/90 

r  ( 4 )  =F  ( ‘» )  +T  (  C<  3 )  -N ) 

03  CO 

15  CONTINUE 

03  1  0 

F(5)-F(4) 

0320 

DO  16  11=25,30 

y-j  30 

IF  <<C<3)-II).GT.0.) 

GO 

TO 

30 

0340 

Z=T(8760+(C(3)-II )) 

ObbO 

GO  TO  31 

0d60 

30  Z=T(C(3)-II> 

0370 

31  F(5)=F(5)+Z 

0680 

16  CONTINUE 

0390 

F<  6)=F(5 ) 

0900 

DO  17  I  J=3 1 , 36 

09  1  0 

IF  <<C<3)-IJ).UT.0.) 

GO 

TO 

32 

092(5 

Z=T(  8760+ (C(  3 )  —  I J ) ) 

4930 

GO  TO  33 

<0940 

32  Z=T(C(3)-IJ) 

0950 

33  F(6)=F(6)+Z 

0960 

17  CONTINUE 

09/0 

F<  7)  =F(6) 

0980 

IX)  18  IK=37,42 

0990 

IF  ( ( C( 3 ) - 1 *0 .  GT . 0 . ) 

GO 

TO 

34 

1  000 

Z=T(8760+(  C(3)-IK)) 

1010 

GO  TO  35 

1  020 

34  ZaT  ( C  ( 3 )  - 1 K ) 

1 030 

35  F(7)=F(7)+Z 

1040 

18  CONTINUE 

1050 

F(8)*F(7) 

1  060 

DO  19  IL=43,46 

1070  IK  <CCC3)-IL).JT.0.)  00  TO  36 
1080  Z=T(876'.H(  C<  3)  —  I L  ) ) 

1090  00  TO  37 

1100  3:)  Z-T(CU)-IL) 

III)  3/  H(8)=HCd)+Z 
1120  19  CONTINUE 

1130  F(9)*F(d) 

I  140  DO  2-1  I M =49, 54 

lib.)  IF  ( (C(  3 )  - 1  ) .  OT.0. )  Ov)  TO  3d 

1160  Z=T(  876,i+(C(  3)  - 1 M ) ) 

I  1 70  (JO  TO  3V 
I  I  54  3d  Z=T(  0(  3)  - 1 M ) 

I  19  4  39  F(9)=FC9)+Z 

12/0  2  4  CONTINUE 
1210  8  ( I  0 )  -  8  ( 9 ) 

1220  DO  2  1  IN  =  55, 6  J 

1230  Ir  C(CC3)-IN).GT.4.)  00  TO  40 

1240  Z*T<3/60+<  CC  3 )  - 1 N  ) ) 

1250  CO  TO  4  1 

1260  4)  Z=7(C(  3)-i:i ) 

127::  4  1  F<  I  4)=FC  I0)+Z 

128)  21  CONTINUE 
1290  F<  I  I  )  =  F(  I  0) 

13  04  o.)  22  .  JJ  =  5  1 , 6  4 

1310  IF  ( ( C (  3 ) -  JJ ) ,  JT ,  0 « )  GO  TO  42 

1320  Z=T(  ;r/6  +CCC 3)-  JJ)) 

1330  GO  TO  43 

1340  42  Z=TCCC3)-JJ) 

1300  43  F(l  I )*r (  ll)+Z 

I360  22  CONTINUE 

1374  F(I2)=FCII) 

1334  00  23  JK=47 , 72 

1394  IF  ( ( C(3)-J’O.CT.0. )  JO  TO  44 

1404  Z=T(8760+(C(3)-JK)) 

1414  CO  TO  45 
1-24  44  Z=T(C(3)-JJO 

1-34  4j  FCI2)=FC  12 )  +Z 
1444  23  CONTINUE 

1-yM  D(6)=F(l)/7. 

I -.60  0( /)=I;(2)/I3. 

14/0  D(  3)  =F(3)/I9. 

1-80  0C9)=FC4)/25. 

1490  DC I0)=F(5)/31. 
lb m  DC  1 1  )=F<6)/37. 

1510  DC  l2)=F(7)/43. 

1520  D(  I  3)=F(8)/49. 

I "j 30  DC  !4)=FC9)/55. 

1540  DC  I5)=F<  I0)/6I. 

1554  DC I6)=F(  II  )/67. 

156  4  DC  I  7)=F(  l?)/73. 

15700  LINES  I6O0  THHROUG'fM  1660  COMPUTE  THE  AVERAGE 
I580C  RATH  OF  TEMPERATURE  CHANCE  FROM  ONE  HOUR 
I  590  C  TO  12  HOURS  PRIOR  TO  FAILURE. 


16013  E<  I  )*ABS<  C<4  )-T(  C<  3)-l )) 

1610  DO  24  JL*2,12 

1620  c<  JL)*E<  JL-I  >+A6S(T<C<3)-<JL-l  >)-T<  C(  3>-JL  >> 

1630  24  CONTINUE 

I640  DO  2b  JM*I , I  2 

I6b0  3<  JM)«E(  J.VD/JM 

1660  2o  CONTI  NUh' 

16/00  LINES  1 69)  THJOJGHl  !94«  .WITH  TMc  DATA 
I6-50C  OLWISS  A i()V*i  INTO  T la  FINAL  FILE'S. 
lov.J  in? I TH <  I  3,  KJH  DC  JV)  ,J  1=1 , 1 1 ) 

I  im  .I8ITE4I4,  I  53)(D<  JN).Ji»lfb),(U(.<K),  K<*I2,I7) 
1710  103  F0k*  AT<F6.2,  IX.F4.0,  IX,F3.f,IX,Fb.2,  IX. 

I720  Ap3.f,  IX,6(F5. 1 ,  IX>) 

1 7 30  AN ! TH ( I V ,  I . J3 )  ( D <  ICL ) ,  KL  =  I  ,6) , <G(  KM) ,  K".®  1,6) 
1740  WRITE<20,  I03)(D(X,J),KN«I  ,b) , <G< KA> , KA-7, I 2> 

1 7b '0  I-C(9) 

I  / 60  IFU.LT.1)  GO  TO  I 

1770  IF  (C(2).LE.67.b)  GO  TO  60 

1760  D(  I )  =  C(  2  )-rtW 

I  790  NR ITE(2b ,  I  06)D(  1 )  ,0(4) ,  ( f)( NY ) , HY=2 ,*3 ) 

I  m  F0H»'AT<F6.2,2X,F'4. 1,2X,F4.0,2X,F3.0,2X 

IS  10  AF6.2,2X,F3.0) 

1-21  W!JIT!;(  lb  ,  I  03)  (  0(^.4)  ,^-1*1 , 1  I) 

1 1 30  i tf- <  16,  i  os )  ( :x  ::c ) ,  -'c=i ,  i) ,  ( o(  -<;i ) ,  ku*  i  2 , 1 7 > 

114  1  Hi  TH  (2  » ,  I "  1)  C  0(  *<t: ) *>l ,  >) ,  ( U(  Kr ) ,  r  'F=  1,6) 

I  )*)'*  ..*■? ITK<  ?2,l^3)CD(tfG),:<J«l,-j),<GCK!‘),:<H«7,  12) 

1660  60  WW=C( 2) 

Io70  GO  TO  II 
1680  I  JW-CIIO) 

1890  IF  < Jw.LT.  I)  30  TOII 
I  900  IF  (C(2)  .LH.526.  30)  CO  TO  61 
IV 10  D(I)-CC2)-NX 

1 920  WRITE ( 26, 1  06)  0<  I ) , C<4 ) ,  <D<  .,Z)  ,rtZ*2,b> 

1930  N7ITEC 17,  103)  <  D(  LA)  ,U* I ,  II ) 

1940  ARIT-t  I3,M3)(D(LM),U*I  ,b) ,  <D(LC) ,  LO 1 2,  17) 
1950  NRITHC23,  I13H  DCLD)  ,D*I  ,6),<G(LE)  ,L»1 ,6) 
i9  60  mR  ITE <  24 ,  1 03 )  ( D<  LF ) ,  LF=  I ,  j ) ,  ( C <  LG ) ,  LG* 7 , 1  2 ) 
1970  6!  UX«Ct?) 

I960  II  CONTINUE 
I 990  STOP 
2000  END 
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